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PREFACE. 



** I am very sensible, that it is not so mucli for a person's 
reputation, thus to make use of other men's labours, and that 
it is in a manner renouncing the name and quality of author. 
But I am not fond of that title ; and shall be extremely well 
pleased, and think myself yery happy, if I can but deserve 



the name of a good compiler.*' 



ROLLIN. 




INTRODUCTION. 



The compiler, haTiiig^ long felt in common with his pnpilf, 
the inconvenience of having to refer to a mass of French authors 
on the subject of fortification, has been permitted by the Hon. 
East India Company to prepare this treatise for the use of the 
cadets of their military seminary : and he has to thank Colonel 
Sir Alexander Dickson, K«C« B« and K. C. H., &c. of the royal 
artillery, the puMic examiner and superintendent of the studies, 
and Colonel Houstonn, C. fi., the Lieutenant Governor, of the 
East India Company's military seminary ; for the kind and 
handsome manner in which they have been pleased to recommend 
to the Hon* the Court of Directors the compilation of such a 
treatise. 

For the matter contained in the following pages, he is 
indebted to a series of eminent engineers, both English and 
French ; more espedaOy to Colonel Sir John Jones, Bart. C. B. 
Royal Engineers, from whose standard works he has quoted 
liberally ; to Colonel Pasley, C. B. of the Royal Engineers ; to 
Colondi Napier, C.B. ; to Colonel D*Aguilar*s translation of the 
Military Maxims of Napoleon ; to Mr. Landmann's work on 
mines ; also to Major Reid, of the Royal Engineers ; of whose 
translation of two French pamphlets, one on the Defence of 
Fortresses, and another on the Defence of Villages, the com- 
piler has taken the liberty to .avail himself; from being 
unable to procure these original documents published by the 
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Minister at War in Paris, in the years 1813 and 1814. Tfae 
French authors whom be has consulted, are Vauban, St Paul, 
Cormontaingne, Bousmard, Dufour, Guy de Vernon, Mandar^ 
Baron Jomini, Yillencuve, &c. 

The Atlas, in most cases, presents a mere outline of what the 
students should fill up carefully in detail and by scale, under 
the eye of their master ; and instead of the beaten track of 
plates that formerly made the chief part of instruction in our 
military schools, would not the ingenuity and knowledge of the 
pupils be more called into action by requiring the execution, 
not only of a regular course of plates, some in outline, some 
partially, and others wholly filled up in detail, but also by 
demanding from them (according to their respective progress, 
abilities, and deficiencies), various details of works, difl^ring 
fipom each other ? For no instructor, who has had numbero 
pasting rapidly through his hands, can have failed to be grieved 
with the propensity that pupils have to copy from each other, 
to bang on each other's resources, and thus to cramp their 
tnerg^iea. in the higher branches of the art, the pupil will 
assuredly be much benefited by having plans of existing 
iNrtresses to attack ; to have to calculate all the engineer and 
artillery mafmtf/ necessary for their sieges; to give them various 
features of ground on which to construct advanced works, 
bridge heads, entrenched positions, kc,; to defend and attack 
by mining in soils of a stifi^ and of a sandy nature ; and by these 
and other means to call forth their theoretical knowledge at the 
same time that their skill in plan drawing is exercised. 

The compiler is far from underrating the drawing of plans 
in all their beautiful detail, but he cannot refirain from remarking, 
that his own experience, both as a cadet and as a teacher, has 
tanght him that the execution of plans should be grounded on a 
theoretical knowledge of the subject. The execution of any 
work in the field requires that it should be thoroughly under- 
stood by the directing ofiiccrs, for which purpose, perfect plans 
nust be prepared. To direct physical power, moral science is 
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aeeewtiy : in the tedmictl words of a modem writer,* 
<< Phyeical edence is the tool to work with^ moral science is the 
drawmg to work In/,** the tool is the soldiery, the drawing their 
officers* 

The appendix, on the p res su re of earth against rer^tement 
walls, has been sapplied hj Samuel Parlour, Esq., one of the 
ittstmctors in the mathematical department at the East India 
Companj's mifitaij senunaiy : and the compiler is giad to have 
this opportonity of thanking Mn Parlour for this TsloaUe 
contribution. 

On the subfect of defilement, or the proper arrangement of 
works to neutralize the effects of coomianding heights, the com- 
piler has wandered out of die track followed by the most 
approved masters of the art ; but he begs to remark that, in the 
seven years* experience he has had of teaching, he has never 
been able to convey to a class of thirty cadets, the instructions 
laid down on this important head by St. Paul, Bousmard, 
Dufonr, 5cc ; and, as the demands of the public service for 
officers has always deprived him of his classes when arrived at 
the most advanced portions of their study, he has been forced 
to adopt the mode of instruction on defilement, laid down at 
the end of this volume. It is scarcdy necessary to remarit, that 
he does not dispute the accuracy and superiority of the 
directions of the eminent authors above named : but he con* 
oeives that the scientific intricacies of Bousmard on this head, 
are more calculated for snch cadets as have passed from under 
thdr usual school courses: this observation, indeed, extends, in 
a great degree, to the whole of this work ; as it will be 
perceived at once by experienced engineers, that many of the 
intricate and most delicate portions of the art, are left 
nntouched. 

It is impossible to divest any science of technicalities ; 
things must have names, and the strange sounds of these some- 

• Meehanict* Magazine, No. 401, page 233. 



times tend to embarrass the learner ; here, the greatest mass of 
technicalities are thrown into the definitions at the beginning of 
the work, and the compiler recommends that a thorougli know- 
ledge of them be acquired, as a pioneer to clear the way to the 
sufcgect 'matter of the art : however, it has been his endeavour 
to disengage it from those unnecessary technicalities and sound- 
ing phrases with which it has been too long encumbered ; and 
to lead the attention of the pupil to the principles established by 
the great masters of the art. 

With the exception of the definitions being more full, and 
embracing more matter than has usually been given in such 
preliminary observations, the general arrangement of the work 
will not be found to differ materially from the usual course 
pursued by elementary writers on fortification. 

The measurements are given in toises, yards, feet, and 
inches : the toise, as six feet : and the yard, as half a toise, or 
three feet. The toise is indeed a fraction more than two yards, 
or six feet, but as it has been hitherto generally treated as six 
feet, the compiler has thought it best to adhere to established 
custom. 

After studying the first five chapters, and drawing clear 
detailed plans and profiles of the first system of Yauban, the 
pupil will benefit by going at once to chapter 10, and proceeding 
carefully through the attack. This wHl enable him the better to 
understand chapters 6, 7, 8, and 9, that treat on the various 
means of increasing the strength of fortresses by retrenchments, 
advanced works, casemates, mines, &c., and to form just 
opinions of their respective values. 

Addiscomoe, April, IS33* 
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1. FottriPicATios is the art of constracting militaiy works, 
either for defensive or offensive purposes. 

2. These works are of two kinds ; viz. slight works for a 
temporary purpose; and substantial works for more durable 
purposes : the former is named ^^ field fortification^^ and the 
latter ** permanent fortification.** 

3. Field fortification has for its object, the protecting or 
retrenching of camps, villages, posts, passages of rivers, and the 
construction of such works as may be required to aid the opera- 
tions of an army in the field. 

The trenches and offensive works usually executed in carry- 
ing on a siege, come under the designation of field works. 

4. Permanent fortification is the art of shutting in a piece 
of ground, or a city, of any form whatever, by defensive masses 
of earth and ditches, in a manner the most advantageous for 
making the greatest possible resistance^ with a garrison propor- 
tioned to its size, against the attacks of superior numbers. 

5. Every piece of ground to be fortified is supposed to bo 
surrounded by a polygon, either regular or irregular, as the 
dotted lines, a, r, q, 6, 4, 0, fig. 1 ; the lengths of the sides of 
which (as a r, r g, g 6, &c.) are generally regulated by the 
necessity of the works being mutually within the range of the 
defensive weapons ; this original imaginary enclosure (a, r, g, 
6, 4, 9) b called the polygon of fortification. 

0. All the works constructed upon any one side of the 
polygon (as, for instance, all contained between the radii 
JSdOand^ 40) is a front of fortification. 

B 



7. Should the polygon of fortification be quite regular, and 
the works on each front correspond with each other, it would be 
a regular fortification. 

8. But should the polygon be irregular, having its sides 
and angles varying in dimensions, and the works differing on 
the several fronts, it would be an irregular fortification* 
Irreg^arity, however, does not imply weakness. 

0. The outline or figure of a fortification is a succession of 
lines that form different angles with each other, (as r, m, n, o, 
p, g, &c. fig. 1), on the good arrangement of which much of the 
strength of the fortress depends : and as this arrangement may 
vuy almost indefinitely, it follows that there are a great many 
mdkods or systems of fortifkaJtion. 

10. The succession of lines that show the figure of the 
fiirtification, and that indicate the directions in which the 
defensive masses of earth are laid out, is named the ouUine or 
tracing; and the general height to which these defensive masses 
are raised is termed the relief 

Two things are therefore to be considered in a fortresa, the 
trac^ and the relief: the trac£ shows the manner in which the 
works should be laid out to obtain a proper defence ; and the 
lelief provides the requisite elevation for the artillery and 
musketry to ensure this defence. 

11. The great mass of earth thrown up from the ditch 
inwards, in order to give the defenders a commanding sur&ce 
for their cannon and musketry, is the rampart (as a, 6, e^ hy I, yh, 
fig. 13) ; and the covering shot-proof mass of earth on the 
exterior edge of rampart is the parapet (as &, /, ^, A, fig. 13) : 
this parapet is usually seven foet and a half high, that it may 
cover the defenders behind it ; and a step of earth is raised at 
the foot of its interior slope, sufficiently high to enable the 
defenders standing on it to fire over the crest of the parapet 
with ease; this step is the banquette (as c, ef, c, k^ fig. 13). 

12. Immediately without the ditches of the place, there is 
a road of communication all round the fortress, usually thirty 



feet wide; haTing on its exterior edge a ooTering mtm of etfrth 
eight feet high, which slopeB off gently towards the coontrj : 
this road is the covered-way^ and the sloping mass the glacis. 

13. The first range of ranparts and parapets that enclose 
die place is the body of the place at ths enceinte; and all the 
wcffks between the enceinte and the eoTered-way are ouiworhe. 

14. Advanced works are such as are constrocted beyond the 
C8Tered-*way and glacis, but within the range of the musketry of 
the main works. 

15. Detached works are those which it sometimes beoomea 
necessary to construct beyond the range of the defenslTe 
musketry of the main works ; and, as a constant and steady 
communication with them cannot be kept up during a siege^ 
they are consequently left chiefly to their own resources ; ne^er* 
thdesB, they ought to exercise a general iniuence on the deftnce 
of the places 

16. In permanent fortification^ the tides of ditcbes am 
supported by walls of masonry or revitements: these walls are 
strengthened interiorly by buttresses at about fifteen or eighteen 
feet iqpart, called eovniei/orfi. The sMa of a ditch next to the 
place bthe escarp, and that next to the country is the oomiler^ 
scarp* 

The top of the revMement is usually coi^eted with a flat stone, 
to protect the masonry ft^m being injured by rain ^ this stone 
projects about a foot beyond the rest of the masonry, and is 
ealled the coping stone or cordon. 

In the actual construction of the works, the rev6tement is 
first buiH, and the measurements of the other paffs of the works 
are calculated and laid out from the cordon, which thus becomes 
a guiding line ; and in the tracing is ealfed the magistral or 

master Kne. 

17. The general level of the ground upon which the works 
of a fortification are constructed is called the plane of siie^ 
whether it be horiamtal, or obKque to the horizon, as on tba 

general slope of a bin. 

b2 



18. A plane of dBjUement is sapposed to be a plane passing 
through the summit or crest of a work, and parallel to the plane 
of site. 

10. If a plane pass through a work in any direction, the cut 
made by it is a section : if the cut be vertical and perpendicular 
to the face of the work, it is a profile. If horizontal at the base 
of the work, it is a p'ound plan. 

20. The explanation of the term relief having been given 
in its fullest extent in definition 10, it now remains to point oat 
its more limited signification ; the total height of any single 
work, from the bottom of the ditch to the summit or crest of the 
work, is the re/fe/* of that work: for instance, in fig. 13, the 
height a 6 is forty-four feet and a half, which is the relief of this 
work. 

21. The command of a work is its superior height over the 
work before it ; or, in the case of there being no work before it, 
its height over the country. 

Command is divided into command of fire and command of 
observation. In fig. 13, suppose the banquette of covered-way 
(/) to be manned by musketry, firing at an enemy's lodgment a 
little beyond the foot of the glacis (at q) ; then, if the crest of 
the work (/) in its rear has a sufficient elevation to enable it to 
carry its fire to the same spot (g), without any injury to the 
defenders on the covered-way (/), the work (/) is said to have 
a command of fire over the covered- way : but if the rear work 
be only high enough to look into the work before it, without 
both parties being able thus to carry their fire to the same point, 
the higher work has only a command of observation over the 
lower one. 

22. Referring to definition 11, it is said that the guns are 
placed upon the surface of the rampart, covered in front by a 
parapet seven feet and a half high : now g^uns mounted on their 
carriages generally stand about two feet and a half or three feet 
from the ground ; hence it becomes necessary to cut openings or 
embrasures through the parapet as in figs. 3 and 4, to permit the 



gttns to Are in the directian reqnifed; the height of the $ole or 
bottom of the ernhnsmre tbefefoie depends upon tlie deicription 
of carriage on which the guns are moonted, nsoallj two feet 
eight inchea above tlie platform on which it stands ; an em- 
biasine is shaped as seen ate es in figs. 3 and 4 (its ii€e& twenty 
inchesy and its mouth nine feet wide), that while the gmmeis 
who serve the gon may be as mach covered as possible^ the gun 
itself may have a certain extent of range right and left, by the 
eksdb or sides being thus made to q»lay outwards. 

Gfoam in battery nsnally stand at dghteen feet apart, and the 
solid pcntion of the parapet between two embrasures is called 
ikemtrlon. 

The gun carriage rests and runs upon a pUuform eighteen 
feet in length ; eight feet wide at the head and fourteen feet in the 
rear; the platform has also a rise of nine inches in the rear: 
this slqpe to the front is to lessen the recoil of the gun carriage, 
and to render it more easy to run the gun up into embrasure 
after bdng loaded. 

At the head of the platform there is a beam of timber about 
m inches square, called the kurter, to check the wheels of the 
gun carriage and prevent them ftrom injuring the interior slope 
of the parapet. Platforms are either of stone or timber, though 
more generally of the latter. 

23. Guns in embrasure aie evidently limited in their range 
to the size of the embrasure, and any attempt to widen this 
opening beyond the fixed dimensions would weaken the merlons 
to an unsafe degree. Therefore when guns are required to 
range firedy over all the surfeoe of the country before them, 
there is a platform of earth raised in rear of the parapet, of 
sufficient height and breadth to permit the guns placed on it to 
be run out over the crest of the parapet and to be pointed in any 
direction. Guns in this position are said to be ** en^barbette^** 
In serving guns en-barbette, the gunners are exposed from the 
thighs upwards, and although this is a matter of less consequence 
the enemy is beyond the range of musketry, and thus 
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camiot teach them with this weapon, jet when he has saiB* 
ciently advanced his attack, to lodge his riflemen in tren ch es 
within such a distance as to enable them to pick off the gunnem ; 
the guns most then be sunk into embrasure to protect the gun- 
twBi as much as possible. 

The garrison carriage upon which the gun rests, runs on 
four small wheels or trucks ; and when thus mounted the gun is 
usually about two ieet six inches from the ground. In order to 
raise it up, to enable it to fire over the crest of the parapet, there 
is a kind of frame work composed of two great sides or cheeks, 
Bpon whidi the carriage is placed, and on which its trucks run 
in grooves : by being thus elevated upon a traversing platform^ 
4he gun can fire over the crest of the parapet without the con- 
struction of the baibette mass spoken of in the first part of the 
definition : this platform has its name from traversing upoa a 
pivot and trucks : for example, in fig. 52, there is a section, or 
side view, of one of the cheeks c of a traversing platform, upon 
the terre-pleine of the rampart : p represents a rest or block in 
which the pivot r woHls ; o is a grooved plank laid circularly in 
the terre-pleine, in which the truck wheel s traverses, and bj 
means of which, the platform c can be turned in any direction, 
and thus give the gun a great range right and left : it will be 
observed that the traversing platform c has a small rise to the 
rear, for the purpose mentioned in the last definition. While in 
the act of loading, the gunners upon the platform are exposed 
rather more than in embrasure, but in stepping down upon the 
terre-pleine, they are covered by the solid parapet 

The pivot, upon which the traversing platfonn turns, is not 
always fixed under the fore part, as stated above; but, in a 
round tower, it may be moved back to about e; then, p is made 
of a good large solid block with a groove in it (following the 
circular direction of the foot of the interior slope) in which the 
track wheel r traverses in one direction, while a traverses, in 
its groove, in the opposite direction ; the platform is thus turned 
on the pivot e» so as to point the gun in any direction : the 



siUiatioa of the piyol will Ihefefere depend upon the pinpoaeg 
for which the gun b wanted, and the ahape of the parapet be«> 
hind which it is placed. 

24* Ref4»Ting to definition 11, and to fig, 13, the follow- 
ing are the names and general dinwnsiona of a rampart and 
parapet. 

The line a, «, », m, q^ is the plane of ate, (definition 17) : 
<iy 6, A, VI, if the rampart: &,/, 9, ik, the parapet: e, i(, #, &, the 
banquette. Let it be sappoBed, (in this ^. 13) that the r^wf 
pru forty-four feet and a half; ^bsA ia, that the depth of the 
ditch op bdiow the level of the gnmnd ia twenty-two feet ; and 
the height of the rampart and parapet above the ground fo r) 
is also twenty-two feet and a halt 

a 6. ThiB nUeriar slope of the rampart has a base a » equal 
to its height « 6: in this case a $ and « 6 are each equal to ibnr-^ 
teen feet : this slope of 45*^ is the natural slope at which earth 
of common tenacity will stand ; and it ia thus formed, that it 
may remain stable without support or repair. 

h A. Th$ Urre^pkim of the rampart: it has already been 
shown that the platforms for guns occupy a length of eighteen 
feet, and allowing twenty-two foet in thenr rear for the fiee 
passage of the artillery and the defenders; the terre-pl^ne will 
then have a width of forty feet. 

All terre-pleines have a slight slope or inclination to the 
rear, to keep them drained from rain water. 

kf. The interior slope of the parapet has a base h i of one 
fourth of its height if: it is supported by a rev^tement of turf 
or sods (paragraph 76) : this ste^ slope is neceasary in order 
that the g^uns may be run well out into the embrasures ; and abo 
that the musketry on the banquette may lean conveniently 
against it to fire over the parapet. The total height of the crest 
of the parapet above the tene-^eine is seven feet and a half or 
eight feet that the men in its rear may be sufficiently covered 
and protected by it 
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As gans in battery stand at eighteen feet apart, the 8{>ace9 
between their platforms are occupied by banquettes : the tread or 
terrt-pUine of the bcmquette (de) is raised to within four feet or 
four feet and a half of the crest of the parapet, that the defenders 
may fire along its superior slope with ease ; it is from four feet 
and a half to five feet in width, that there may bo room upon it 
for two ranks of men ; although more than one is rarely on it at 
a time : its slope to the rear is made gentle that the defenders 
may ascend and descend with fecility, 

fq. The superior slope of the parapet has a base of eighteen 
feet that it may be shot proof; its slope prolonged (the line of 
fire of its musketry) should cut the opposite counterscarp ; this 
depression is usually at the rate of two inches per foot : and it is 
not desirable to give it a greater dip for fear of weakening the crest 
by too sharp an angle of earth, that could be easily beaten down. 
ght. The exterior slope of tlie parapet should have a natural 
slope to prevent its being worn away by the action of weather 
and time; and, as it is exposed to receive the shot of the 
assailant's guns, it is well to give it even a greater base than its 
height. In this fig* the base z t cannot be less than eleven feet 
and a half, where the perpendicular height of the rev^tement 
ft xj is thirty iei^U 
The thickness of the rampart is, firom the above. 

Interior slope, its base 14 feet 

Terre-pleine of the rampart, (including the banquette) 40 

Interior slope of the parapet 1^ 

Superior ditto 18 

Exterior ditto 11| 

Total 85 feet 

Some of these dimensions may in certain cases be reduced 
or augmented; hence ramparts may be said to average from 
sixty feet to one hundred feet in thickness. 
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25* In examiDing the onUine of a fortressy as fig. 1, it is 
seen that some angles point outwards towards the country, and 
others inwards towards the place; the former are saUent^ and 
the latter are re-entering angles. An imaginary line that divides 
an angular work into two parts, bisecting the angle, is called the 
etqnioL 

26. ^ bastion is a work having two &ces and two flanks, 
the angles being all salient (see fig. 1, 20, 14, r^m^n); the 
angle formed by the meeting of the two faces (14 r and rm) is 
the JUmksd angle of the bastu^n : that formed by the meeting of 
a fiice (as r m) and a flank (as mn) is the shoulder angle : and 
that formed by the flank mn and the curtain n o is (Ae curtain 
angle* 

In standing in a bastion, and looking towards the countiy, 
the fiice and flank on the right hand is called the right face 
and flank ; and on the left hand, the left face and flank. 

The mass of rampart and parapet follows the windings of 
the &ces and flanks ; leaving, in some cases, an interior space 
in the coitie of the bastion, on the level of the ground ; as, for 
example, in fig. 14, where the half-bastion on the extreme right 
of the plan is thus drawn : all the space within 5, 5, 5, 5, is on 
the level of the ground; and at these figures, 5, 5, 5, the 
rise of the interior slope of the rampart begins; this con- 
gtruction is called a hoUow or an empty bastion. In other cases, 
as in the centre bastion, fig. 14, the interior space is all filled 
up to the level of the terre-pleine of the rampart, and the rise of 
the interior slope begins at G, 6, C ; this b a JuU bastion* 

In fig. 1, bastion 20, 14, r, m, n, the distance (20, n) 
between the inner extremities of the two flanks, is the gorge of 
the work ; the prolongations of the adjoining lines (or curtains), 
n, 41 and 20, 41, are the demu-gorges. When the demi-gorges 
and gorge are in the same line, and the former is half of the 
latter, the work b called a flat bastion. 

27. The line of rampart that joins the flanks of two bastions 
together (as n o) is the curtain* 
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28. Thu ravMn or denii4i»ne is a woik having two fiiees, 
formiDg a salient angle, placed beyond the main-ditch opposite 
to the curtain, and separated from the coyered-waj by a ditch 
that nms into the main-ditch (as «, fig. !)• 

29. Piaces of artns are enlargements in the co?aed-wmj 
(see definition 12) at the re-entering and salient angles of the 
coonterscarp ; hence the terms re-entering plaon o/armi and 
eaUent places of arms: the latter space is formed simplj bj 
rounding the coonterscarp, and the former by setting off demi- 
goi^ges of twenty-four or thirty yards, and making the hem form 
angles of 100^ with the adjoining branches of the covered- 
way. 

30. Traverses are portions of parapet thrown across the 
covered-way, on the prolongations of the feces of bastions and 
ravelins, and at the entrance of the re-entering places of arms ; 
passages are cut into the glads, to enable the defenders to 
circulate round the traverses. 

31. The tenailU is a low work in the main-ditch, before the 
curtain and between the flanks of the half bastions of a firont of 
fortification : it is usually sixteen yards in thickness, and rev^ted 
with masonry all round* 

32. ^ citadel is a small strong fort, constructed either 
within the place, or on the most inaccessible part of its gmeral 
outline ; it is intended as a refiige for the garrison, in which to 
prolong the defence afler the place has fellen, or to hold out for 
the best terms of capitulation. Citadels are generally in positions 
that command the interior of the place, and are therefore usefiil 
in overawing a population that might otherwise strive to shorten 
the length of a siege, during which the inhabitants are always 
great sufierers. 

33* A eunetU is a small ditch in the middle of a dry ditch, 
in order to keep it drained. 

34. A caponniere is a parapet from seven feet and a half to 
ten feet in height, having its superior slope terminating in a 
small glacis ; it is placed in a dry ditch, in order to cover the 
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defenders in passing acToss the ditch from one work to another, 
and it has a banquette to famish a fire of musketry upon the 
ditch. 

95. A baiardeau is a strong wall of masonry built across a 
ditch to sustain the pressure of the water when one part is dry 
and the otiier wet; to prevent this wall being used as a passage 
across the ditch, it is built up to an angle at top, and armed 
with iron spikes: and to render the attempt to cross still mote 
difficult, a tower of masonry is built on it : in the batardeau is a 
sluice by the opening or closing of which the manoeuvres of the 
water can be regelated. 

96. The quantity of earth or soil contained in the mass of 
the rampart and parapet of a work is called the remhlai ; and 
the quantity excavated from the ditch the deblai: and, in 
general, the number of cubic jrards contained in the remblai has 
been furnished by the deblai ; so as to balance each other. 



CHAPTER I. 

JieoeitUif for fortifying with Uie preteni thidi earthen ramparts^ 

parapets, ^c. 

1. Bbforb the knowledge of gnnpowder, which has 
rendered artillery so tremendous an engine in all kinds of modem 
warfiure, but more especially so in the attack and defence of 
fortified places, the mode of fortifying was simple, yet particu- 
larly calculated for defence against the implements then in use ; 
which, however ingenious and formidable at that time, sink 
into insignificance, when compared with the irresistible missiles 
now projected from guns and mortars, by the power generated 
from the explosion of gunpowder. 

2. A thick wall flanked by towers, separated by a ditch 
from the country, constituted the whole of an ancient fortifica- 
tion :* the towers were within bow-shot of each other, and raised 
one or two stages above the wall of the enceinte, in order to 
preserve a command over the latter, should an enemy make 
himself master of it ; as well as to obtain a height sufficient to 
contend with the great moving towers then used in the attack ; 
these flanking towers were usually separated from the enceinte 
walls by a cut, having a drawbridge : thus they answered as 

* This rampart wall had, npon its •zterior edge, a thin batUemented 
or loop-holed parapet to serve as a cover for the archers, and to permit 
them to fire through. And in most cases this parapet was projected like 
a balcony, having loop-holes In its base, to enable the besieged to see 
and to defend the base of the rampart wall. This balcony was called 
Machieoalis, and forms the pletaresque projection of old towers as seen 
at this day. 
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rallying posts and citadels which required to be attacked, evea 
if the enceinte wall connecting them, was carried ; hence the 
attack was nearly always carried on against a tower in prefer- 
ence to the enceinte wall. 

3. To become master of such a place (after having reached 
the counterscarp or outer edge of the ditch), a portion of the 
ditch was filled in and a good causeway made across it, to allow 
of the battering-ranis being brought up to beat dowB the walk ; 
while showers of stones and arrows were kept up from both 
sides : it would be merely to swell the pages of this work to enter 
npon the details of attacks and defences condncted according to 
the science and machinery then known: history furaishes as 
with numerous and i^lendid instances of defences^ WithooC 
going badL to the siege of Troy, we find Tyre defended by a 
manufiictaring and trading people, braving the power of Alex- 
ander for seven months ; the great CamiDus triumphed at Y ieoe, 
only afler a siege of several years ; and Sjrracnse was sustained 
lor two years, by the genius of Archimedes, against every efibrt 
of Mareellus. Besides these and other well-known instances, it is 
only necessary to peruse history from the eariiest periods down 
to the invention of gunpowder to form long tables of extra- 
erdlnaty sieges, which, when contrasted with the brevity of 
modern ones, abundantly show how greatly superior the poweis 
of the attack have been rendered by the use of modem artilleiy. 

4* On the introdaetioii of cannon, the shot projected from 
which can beat down masonry at a distance of many hvn^bed 
yards, the old high frowning battlemented walls no looger 
afibrded security, as breaches or openings ooold be made in them 
without the necessity of bringing the breaching batteries (as with 
the battering rams, &c.) close up to the wall ; and in the attack, 
the great moving towers and most of the other contrivances 
were of necessity laid aside, as the shot from the defensive 
batteries could break them to pieces. A total change, therefore^ 
became necessary in the construction of defensive works and in 
the mode of conducting the attack, in order to suit the new kind 
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ai artillery and its woDderfnl agent gonpowder. This agent 
was discovered about the jear 1320, although it was not till 1380 
that its power was sufficiently ascertained and regulated to make 
artillery so formidable as to create a necessity for an entire 
lerolution in the defence and attack of fortified places. 

5w In the adranee of the mechanical arts, which have of 
lata brought almost to perfection the manipulation of gimpowder, 
the casting and boring of guns and mortars, the construction of 
carriages and implements necessary in the transport and use of 
artillery, the value of this arm has become proportionably 
greater, and its influence almost paramount in the branch of 
wartee of which we are now treating. 

6. Before entering further into the nature of the works 
thrown np fer defensive and ofiensive purposes, it will be proper 
to state here something of the effects of artillery. 

In order to obtain advantages from gunpowder, its elastic 
face is generated and confined in great iron and brass tubes, 
tn the purpose of propelling the balls and shells laid therein. 
And five hundred years* experience has limited these tubes or 
erimmee to four kinds ; viz.— • 

1. Long guns. 

2. Carronades or short guns. 
db Mortars* 

4* Howitzers or field mortars. 
Long guns and carronades are designated by the weight of 
the shot that they throw ; thus 68, 42, 32, 24, 18, 12, 9, 6, and 
3 pounders throw shot of the weight in pounds corresponding to 
their respective numbers. And the battering guns commonly 
in use, namely, long 18 and 24 pounders, can destroy masonry 
defences of every kind at a distance of five or six himdred yards, 
and are efficient for greatly injurii^ then even at one thousand 
yards. 

Mortars are for throwing shells, (heflow cast iron globes) 
nearly filled with powder, which are projected with a high 
curve, (the mortar being elevated 45^), and fell down nearly 
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vertically upon the object to be struck^ being so contrived as to 
explode at the moment required. Mortars are named from the 
diameter of their bore in inches, viz.— 13, 10, 8, 5i^, and 4f 
inches. Thus these shells may be called small mines, which are 
projected to be burst at pleasure ; carrying destruction with 
their immense weight and by their fragments, as well as by 
firing all combustibles within their influence. And the extreme 
distances to which they can be thrown average (from the least 
to the greatest mortar) from one thousand to four thousand two 
hundred yards. 

Fire from mortars is called a vertical fire^ to distinguish it 
from the more direct fire of large guns, which is called horizontal 
fire. 

Mortars are not mounted on travelling field carriages like 
guns, but arc fixed to solid platforms of wood or iron ; hence 
they are only used, in general, in the defensive works and in 
the formal operations of a regular siege. Howitzers are mortars 
mounted on field carriages, and can only project their shdis at 
low angles ; they are much used both at sieges and in the field, 

7. In the tracing and in the relief of the works of a 
fortification, ample provision should be made, on the one hand, 
to ensure the full defensive advantages of these formidable 
weapons ; and on the other, every precaution should be used to 
guard against their destructive effects from the hands of an 
assailant. 

8. The various ways in which projectiles can be thrown 
from ordnance may be classed into 

1. Direct fire. 

2. Oblique fire. 

3. Reverse fire. 

4. Enfilading or raking fire. 

5. Ricochet fire. 

6. Vertical fire. 

Direct fire is when the battery of guns is drawn up parallel 
to the line of troops or works to be fired at, so that the shot 
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girike the object perpendiculari j to its 6ce. Oblique Jhre is 
when the shot firom the guns strike the object at an angle or 
obliquely. Reverte fire is from a battery in the rear of a line 
of troops or works, the shot taking it in reverse. Enfilading 
fire is when the battery is ranged at right angles, or nearly so» 
to a Hne of troops or woriss, the riiot from the gmis raking or 
sweeping the line in its whole length ; when the gmis are thus 
fired with their fall charge of powder it is considered to be an 
en^lading fire : bat, when fired from the same position, having 
a stight deration given to them, and with a diminished charge 
of powder, it hrioodut firing : ander soch circumstances the 
shot is deprived of its greatest velocity and describes a curve in 
its flight, hence it b easy to conceive that on striking the ground 
it will bound again with shorter hops than if it had a greater 
velocity. Both shot and shell can thus be made to graze over 
the crest of a parapet and hop along the work to be enfiladed : 
ahhoogh the force will not be so great as with shot fired with the 
usual charge, it will be sufficiently so to disable g^ns, carriages, 
and men, which is all that is required: and shells (from 
howitzers and long guns) borsting in this manner will have their 
fidlefiect. 

Vertical fire is that already described (paragraph 6) firom 
mortars. In attacking a fortress, the assailant's artillery has two 
objects to gain, viz. silencing of the defensive batteries and the 
beating down of the defensive masses and revAtement : to efiect 
the first, he has to establish the enfilading and ricochet batteries 
jost spoken of; and also batteries (both at a distance and on the 
crest of the glads) to oppose directly the defender's guns ; these 
are called wnnUrbaiUriee: to beat down the rev^tements and 
make an opening or breach fit to iunauh, for which purpose 
batteries are erected on the crest of the glaeis called breaching^ 



Suppose a battery of guns in the attack to be prepared upon 
the crest of the glacis, to breach the face of a bastion or ravelin 
opposite to it, and witiiin one hundred feet or one faumlred and 

o 
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tbiftjfeetof itsrev^temeiit; it is raconuiieiKled to begin to fiirai 
the breach by firing so as to cut a horizontal grooye with the 
shot near the bottom of the wall ; and at each extremity of it» 
two perpendicular grooves, so as to detach the quantity of 
masonry to be brought down from the rest of the wall ; salvos 
are then fired at the detached mass till it is brought down^ 
Therefore, to make an efiectual breach either firom this short 
distance or firom a greater, it is necessary to see to the bottom of 
the wall or nearly so ; for if the top of the waU be first beaten 
down, the rubbish will hide the bottom of it (rom the view of the 
breaching guns and prevent its being brought down ; the slope 
will then be too steep to be assaulted. 

9. These various modes of projecting metallic globes (some 
solid and some contrived to burst at pleasure) have rendered 
powerful batteries of artillery capable of sweeping and annihi* 
lating all before them; and have reduced the science of 
£irtification nearly to a state of calculation, as to the amount of 
defence of which any place is capable and the power necessary 
to reduce it. 

10* Some writers have beoi found to build up their systems 
on the terrific eflfocts of vertical fire to the prejudice of direct 
end enfilading fire : and ricochet fire has attained, through the 
praises of the French writers, a very great reputation ; but our 
practical military philosopher, CoL Sir John Jones, remarks, 
''That there is no exclusive weapon in the science of attack and 
defence : it is neither vertical, ricochet, nor direct fire alone, 
but a judicious combination of the three which will prove 
irresistible.'* 

11. From these observations, it is seen at once that the 
old high narrow rampart wall has naturally given place to one 
of earth of greater breadth and less height; and although it is 
fiiced exteriorly with masonry, yet no part of the latter should 
be seen firom the country : for in viewing a well constructed 
place firom without, the masonry ought to be so well covered, 
that an observer should see nothing but one shot proof sodded 
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p«rtp0t riMng ofer aaotlMr: lience the afaubml !• Ibroed to 
brin^ his battering gons, by a toilsoine and dangerous proeeaty 
to the eonntoaearp of the ditch La older to make a breach or 
opening in die acarp fov^tement* 

12. The thfai parapet of aaaaoorj that mfficed formerly to 
oofer the archers and sliogersy could be immediately cat throogh 
by shot projected by gmipowder; and if it were sniBciently 
thickened to be shot proof, it is Tery undesirable to make it so; 
«nce the splinters detached from masonry walls by shot striking 
thesa» are, at all times, very dangerous, and do much execution 
amongst those who are near them, A parapet of earth has 
tkenfore supeiseded that of masonry; and as the shot from 
faeary guns can penetrate from twdve feet to fifteen feet into a 
bank of earth, the thinnest part of the parapet at top is made 
dghteen feet, and its base occupies fit>m twenty-five to Uiirty 
feet. 

13. Definitions 11, 22, 23, and 24, detail most fiiUy the 
nasMa and general dimensions of the ramparts, parapets, and 
banquettes, which have come into use with the ordnance just 
described, and with which the leanier mast be femiliar ere he 
can attempt to pursue with advantage the following statements. 

14. By being placed behind a massive earthen parapely the 
defendem are so far rmaowed from the ditch before them, that It 
is impossible for them to see or to defend it ; as in fig. 13, the 
superior slope of the parapet fg prokmged (the line of their 
firp) only cuts the top of the opposite counterscarp : such a defect 
aa an undefended ditch, or piece of d§tid ground^ must not, if 
possible, be permitted to exist within range of the defensive 
weapons^ even outside of the place, but assuredly not in the 
ditches; in which an enemy may either collect in force, or 
employ his miners to penetrate the rampart and blow it up ; it 
therefore becomes necesaaiy to trace the works so as to obviate 
tins defect 

1& By referring to fig. 2, which v^esents the tracing of 
a part of a square redoubt, it is plain that the defenders placed 

€2 
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behind the parapets iio» mp cannot see any part of the ditebea^ 
which are conseqnently altogether undefended ; if, to remedy 
this, the fiice m n be broken, so that the parapet be made to 
fellow the triangular tracing, a, 6, e, then the musketry on the 
banquette, from a to «, will be enaMed to defend about as nnch 
of the ditch as is seen from ^ to 6 ; those from e to ^ can defend 
a portion of the ditch 1 6 ; the fire over the superior dope of die 
parapet fr^m a to d will reach and defend the bottom of the dBtcii 
at k ; and that from c/can defend /; thus a considerable portioD 
of the ditch, at the angles a and e, remains undefended ; conse- 
quently this tracing (which is called the r^dan tracing) does not 
entirely rectify the evil of dead ground in the ditches ; and if any 
other mode of lajring out the works be tried, it will be found that 
none will completely succeed in doing away with unflanked 
ditches but the bastion systim^ a tracing so called from the name 
of the great works (bastions) at the angles of the polygon : fig. 1 
represents this tracing. Here the defenders placed on the ban- 
quette, on the line p o, see the bottom of the ditch z, on the line 
St; consequently they can defend it up to the rev^tement wall 
mn^ and also along its length mr, as indicated by the lines of 
fire : in like manner the defenders on the banquette behind the 
line m n begin to see the bottom of the ditch z on the line s f, 
defend it up to the wall p o, and along its length p q ; thus, the 
whole of the ditch z is frdly and efficiently flanked. 

16. This bastion tracnig having been evidently contrived 
to defend ditches from behind thidL parapets, there will be no 
necessity to enter here upon what is sometimes called the history 
of the bastion system, which some engineers date as fer back as 
the beginning of the fifteenth century: because thick ramparts 
and parapets must have followed immediately on the increased 
power arising from gunpowder artilleiy. 

17* Although their present form can be dated from the 
beginning of the fifteenth century, yet the ancient towers at the 
angles of the long walls or curtains were a species of bastion, 
being. in some measure intended for the same purpose; namely. 
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looking into and defending the ditch: consequently, bastions 
may be considered as haying had their existence in the earliest 
ages ; and hence any attempt to trace their origin would not 
only be firoitlesB bnt uprofitable. 

18. Definition 25 details the shape, and gives the names 
of the Taiious parts of a bastion, and of the enceinte ; to which 
the student is referred. 

19. The mass of rampart and parapet, and ^so the main- 
^tefa, follow the windings of the lines called bastions and 
curtains; and this first oiciosure is the body of the place : on 
it, the heaviest ordnance is mounted lor the defence ; but, by 
flsamining the nature of the defence produced by such a simple 
enceinte, with a covered way before it, (as in fig. I, fronts q 6, 
b 4), it wiU be seen that something more than this first line of 
works is necessary : for suppose, in this figure, that the defenders 
en the feces of the bastions (6 22, 6 23) fired straight before 
them or nearly perpendicuhirly to these lines,* then would there 
be a sectimd space (24) before the flanked angle of the bastion, 
undefended by a direct fire ; and although the fire of the flanks 
(26, 27 and 21, 25) iiilly defend tiie ditches that they look into, 
they could but feebly sweep the dead ground spoken of, because 
the crest of the salient places of arms of the covered-way (28) 
would greatly obscure the view of the country from the guns in 
battery on the flanks (26, 27 and 21, 25) ; and die musketry 
fire from these flanks is too distant to reach the ground (24) 
before the flanked angle of the bastion : it is true that a musketry 
fire can be obtained from the faces of the re-entering places of 
arms (2, 31) , which would fiank the undefended ground (24) 
befiwe the bastion, but this is not sufficiently powerfid to con- 
stitute a sufficient defence : besides which, once in the covered- 

* Although artillery is always pointed as far as the opening of the 
embrasure permits ; and although musketry is lilLewise directed towards 
the objeot required, yet as a ire has sometimes to be iLept up, either Hi 
the obsearity of darkness, fog, or smoke, it b usual to calculate upon a ire 
beiDg delivered perpewUealarly to the face of a work or a line of troops. 
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way and its le-enterii^ place of arms (31), the enemy arrive* at 
the bridge or passage leadmg through the enceinte into the 

pbce« 

20. In order to rectify these defects, a work has been oon« 
stmcted immediately beyond the main«ditch at the re-entering 
angle of its counterscarp, which, from its original semiciicalar 
shape, was termed the demi^lane or halfnooon ; but which has 
been long since altered to the angular shape shown in fig* 1, f, 
and is indifferently termed the demi-lune or ravelin (d^ 
nition 28). Its ditch, which separates it from the coTered« 
way, runs into the main-^litch ; and from the ramparts of its 
two long fiices, a strong and dose fire of artillery and moslMtry 
IS obtained, to flank ^fectually the approaches to the flanked 
angles of the acyoining bastions right and left; die fiicea of 
which bastions r m and p q fully bear by their fire upon the 
approaches to the flanked angle of the ravdin. 

21* Before prooeedii^ further to illustrate the |»ineiplca 
npon whidi the various works are arranged, it may be wdl to 
state, that the present system which has obtained a pieferenoe 
in Europe, was perfected by U Marichal de Fauban, of the 
French army, who served during part of the reigns of Louis 
XIII. and Louis XIV*; and whose profound knowhsdge of 
mathamatiGal science, joined to his unprecedented experience as 
a miiitaiy engineer, have rendered his works the standard, to 
which both the theory and practice of most modem offioen, 
of all armies, have greatly conformed.* 

* Various changes and improvements have taken place in the bastion 
system; but most of those of an early date were encumbered with 
•jTStematie suppositions, which rested either upon long established 
prejudices or adherence to natbematieal reasonfags. In pfefereac e to 
the results of practice. Henry IV. of France appointed his prime minister, 
the great <9ii%, to be superintendeDt of fortlficatioDS ; the latter confided 
the conduct of his works to a corps of engineers : Errard tk ter-l^•iiMe, 
one of the principal officers of this regiment, was charged to write a 
Ireatlso on the art of fortification. In order to spread the knowledge of 
it in his own corps, whIdi he did Ui the year IMMk In 1689 £e CoMle div 



CHAPTER II. 

OntkipfiMpit of tk$ traemg of FaiUMn*tJini ttftUm; wUk 

rmutrkt, 

22. When the ntaatioiw ue considered and eKamined, in 
which i uitrcMce are generally eonstmcled, it will be fonnd that 
the works uaoallj rest upon irregnlar and unequal ground; oron 

Pagan prodaeed a work which disengaged the art from mach of Its 
mbblflh : having attained, through a brilliant military career, the high 
rwak of M aifehal de Camp ; he became blind at thirty-eight years of age* 
aad thoreCsre bo looger oapaWe of falfllling the aetife datles of his 
pfofessioa. FoH&Mi was bora in Idas, and la ISftO (tbo date of Pigin*s 
death) he had already acquired repatation at the siege of /9oMf 
MgnihotM, of Stenap, and of Landrecie* Vaaban followed ap the 
prlnoiples founded by Pagan, and applied them with great sIlIII in a most 
extensive practice, for he built thirty-three new fortresses, and repaired 
or laqiiTOTed one handrod t his executed works, and a few memoirs, remata 
for the adalimtioa aad instraotloa of those who hate followed hfaa la 
this department of military seteaee. From those It has been eastoaMfyy 
in schools of instniotioa, to form threo systeois, whieh baveaeqalred the 
names of Fauban^sjirst, Hcond, amd third metkodi qf /ortiflcaUfm, The 
exercise of his talent was not confined to defensive works, and to all the 
Intricate detail of the oonstrnctlon of fortresses ; but serving an ambitious 
monarch, for whom he condneted fifty sieges, he perfected a powerful 
and resistless sjrstem of attack, which has ever since been successfully 
followed ; and thus be afterwards neutralised that superiority to which 
he had attained in the construction of his defensive works. 

Cormt mia i(^ entered the corps of French engineers in 1716, (nine 
years after Vaaban*s death) and died as a Marichdl de Camp In I7A0 ; 
foHowlog the principles of Tauban, he Improved the detail of his 
systems, and the most approved method Is Cormontugne*s with some 
slight changes. 

By feferrlttg to a work published la 1801 by Mons. Mandar, entitled 
**I>e rArehltectare des Fortresses,** no less than one hundred and 
twenty dllfereat methods will be found, which have been proposed from 
time to time, (as well as others not named therein) ; many of them 
Reserving great consideration, and manifesting much military genius t but 
it Is a truth ooofetsod by all engineers, that a thorough knowledge of 



gronod presenting^ natural obstacles on some sides, and ftcSitiev 
on others^ for the approach of an enemy. Fortresses osualljr 
cover commercial marts, dock yards, harbours, &c. and their 
defensive properties may be, and generally are, increased iioia 
the navigable rivers, islands, marshes, or conmianding positions^ 
tiiat are to be met with in such cases. When some sides of a place 
are inaccessiUe or very difficult of access, from these or firom 
other causes, it would be quite needless to present there a ane* 
cession of fronts of bastions, ravelins, and covered-wmy ; aacli 
sides require only to be enclosed by a simple rampart with 
artilleiy in barbette or embrasure, to command the obstacle or 
the ground beyond it; while fronts liable to be attacked are 
protected by an accumulation of works and artificial difficulties; 
and for these reasons almost every existing fortress is iiregular 
(definition 8). 

28. In examining the works of Vauban, it is found that, in 
the general outline, he used various lengths for the sides of his 
polygons of fortification, which have been accordingly classed 
into greats mean^ and small fortifictUion : and as some general 
principles are to be traced through the whole of his works, it 
will serve to illustrate the subject, if the investigation of his first 
method* be arranged under the following heads. 

1. The general outline, and form of the works. 

2. The lengths of the various lines and works. 

3. The openings of the diflferent angles of the works. 



Vauban*! principles of defence and attack, and of the advantages and 
defects of bis constructions^ will enable a right judgment to be made of 
every other method ; and, accordingly, in this treatise, his principles are 
closely followed and illustrated. 

* It is necessary for pupils to remark, that In this investigation the 
works are supposed to be constructed on a horizontal plain ; inequalities 
of ground, either on the site of a fortress or in the neighbourhood, form 
a separate and dilBcult subject, treated of in Chap. zli. It is also to be 
noticed, that although the principles of Vauban*s Urst system are 
explained, they are also discussed, and the opinions of approved modern 
engineers of experience, on their properties, are given. 
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d4. Firat. On the general omilme. From the lemarks in 
pangraph 22, it follows that the aasailable fronts of a fortress 
shonki be carefhllj and perfectly oonstrocted, and that those 
eorered by natural obstacles will suffice if barely enclosed by a 
single line of works: accordingly, in examining most existing 
placesy this is found to be the case; the general outline pre* 
senting some long simple iirontSy either crowning inaccessible 
heights, or coTered by riTers, marshes, &c. ; the fronts liable to 
attack are of a medium length, careiuUy traced and relicTed, 
mik a regular system of o ut works; and where adranced or 
detached works (definitions 14 and 15) are thrown out, they are 
geneially fomid constmeted on short or contracted fronts : this 
has giren rise to the classing of the fronts into grtai, mean, and 
email : tbe great fronts average from one hundred and eighty* 
five to two hundred and fifty toiaes : the mean from one hundred 
and serenty to one hundred and eighty-five toises: and the 
small from one hundred to one hundred and seventy toises* 
Their application is illustrated in fig. 29, (which is an outline 
€iib» fortress of Badajoz* in Spain, as defended by the French, 
and besi^;ed by the allied army under the Duke of Wellington, 
ill 1812] : the three long or great fronts At, ih, h g^ are covered 
by the river Guadiana, its tributary stream Rivillas, and the 
scarped rocky ground on both sides of the castle h ; for these a 
simple rampart mounting artillery, to command the ground 
beyond the obstacles, is sufiicient ; these sides are about three 
hundred toises each : indeed, from & to A may he considered as 
one long front broken into flanks and towers, following the shape 
of die ground. The other fironts that are exposed to attack, vIk. 
An, ahf be, edf de, eff fg, are of the mean length of about 

* The plan of Badajos has not been Mleeted as a specimen of a well 
fortified place, for Its defects are many ; but it is taken simply to show 
the application of the great, mean, and small fronts, as well as some other 
principles that its works and localiUes serve to illustrate ; besides which, 
the details of its sieges are stiU fresh in the memories of the veterans of 
the service ; and the exploits at these sieges enter into the records of no 
less than ninetsen regiments which were employed in its ardnoas attacks. 
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one hundred and eighty toiaee ; and the adranoed work L, as 
well aa the detached worka P, T, S, are cooatmcled on aoMdl 
fiontaoffromfiftj to one hundred toiaea in length: theendoanie 
Ihai crowna the aununit of the height A ia the caatle of Badajooi^ 
and aorveaaa a citadel; were a regular work erected onit,auitied 
to the objects of a citadel, (definition S2)» the fronts would, fiom 
the nature of the ground, be small : it ia, therefore, uaoal to atato 
that amall fronts are applied to great outwiwks, advanced woik% 
and citadels : how &r it ia judicious to construct a regular fioot 
on a less side than one hundred and eightj toisea, will be mem 
aa the pupil advances ; uideas it be on restricted ground, audi aa 
inthecaaeof the detached works, fig. 29. Itbecomea 
however to explain the reaaona ibr fixing the lengtha of 
fronts at about one hundred and eighty toiaea: for which 
purpose, refer to fig. 14 ; where all parts of the enceinte are 
within mutual range of musketry ; now, the longest range is the 
Una of defence, that is, the line o 8; for the defenders upon the 
fiank c o have to defend all the ditoh before the fece of the nsKt 
bastion&upto§,andeventoa6; therefore this lei^^o 6 ought 
not to exceed the eflective range of the muskets used npon the 
flank. It will soon be seen, as the pupil proceeds, that the 
lengtha of the feces and flanks of the bastions^ as well aa of the 
curtains, are not arbitrary, but become ao dependent upon fixed 
principles aa to force the tracing to be what it is in fig. 14 ; 
which brings the line of defence within the range of muaketry; 
and the desbed advantage of all parts of the enceinte within 
mutual musketry imnge. But if the exterior side 8, 9 w«re more 
than one hundred and eighty-five toises, the length of the line 
of defence would exceed the effective range of musketry, and 
the consequence would be, that the portion of the main-ditoh 
about the flanked angle of the bastion would labour under the 
disadvantage of being undefended by a musketry fire: it 
appears, therefore, that the exterior side of the polygon of the 
mean class is made aa long as it can be without sacrificing a 
mutual defence throughout the enceinte. 
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If it be a^Led whetber tlw exterior sides of the mean clsai 
ttiigiit not be made less than one hundred and seventy toises, the 
answer is^ that they cannot be without detriment to the defenriTe 
properties of the works ; for in proportion to the front being 
lessened, the boldness of the rdicT diminishes ; berides which, no 
object can be gained by sorroonding a place with a polygon of 
twenty stdes, when one of fifteen would produce a better defence 9 
to BMiltiply the fronts b to moltiply the bastions, to abridge their 
power by oontmcting their &cesy flaoksi and interior space, and 
to render the fronts altogether more feeble. 

Viewing a fortified place as endosed by great, mean, 6t small 
fronts, according to circumstances, the general outline of the 
works conristi of a succession of salient and re-entering angles 
aflo nl in g each other a mutual defence. 

25w With reqpect to the 2d head mentioned at the end of 
paragraph 22; namdy, iht lengths tftka various Una of works 
of the first system of Vanban, (as seen in the mean fronts ar, 
rq^qbt of fig. 1), let the enceinte be fiist considered ; and here, 
as the length of the frices of the bastion depends greatly on that 
of the flank and curtain, it is necessary to show cm what prind* 
pies the lengths of the latter woriLS are determined : the flank 
mm being armed with musketry and artillery, requires to be long 
enough to defend the main-ditch by its fire ; and as it has also 
to contend with the enemy's counterbatlery (paragraph 8) 
established on the crest of the glacis opposite to it, at c, where 
the assailant has a space equal to the width of the main-ditch at 
the salient angle, (in the case of a diy ditch, it is fifteen toisea, 
added to that of the covered-way, five toises, in all twenty toises), 
the flank mm should not be less than twenty toises long ; but to 
give it a preponderance it has a length of twenty-seven toises, 
which enables the defenders to place more guns upon it than the 
enemy can in the onlyspace, c, from which he can directly 
counterbatter them. 

26. In the finrnt r g, fig. 1, the musketry defenders on the 
flanks m m and p have to defend the main-ditch, so that the 
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fire from their muakets, depressed orer the superior slope of 
their respective parapets, must meet at the bottom of the main- 
ditch^ upon the perpendicakuTy (paragraph 15). Now supposing 
ibie superior slope of these parapets to have the usual deprenion, 
(definition 24) their prolongations should meet at the bottom of 
the diteh on the line z : a slight consideration will show that the 
distance to which these flanks must be removed from each other 
(and this distance is the length of the curtain] must depend upon 
their relief, (definition 20). In the system now under diseos- 
non, when the relief of the enceinte is foitj-four feet, the length 
of the curtain is about seventy-three toises* 

27. The lengths of the flank and curtain being regulated in 
the manner just described, the remaining part of the lines of 
defence m r and p q form the faces of bastion ; and as these fiioes 
carry the most poweHul batteries, it is desirable to have them as 
long as possible, consistent with a proper length of flank and 
curtain : here (fig. 1] it is about fiity-one toises. 

28. Again, it is necessary that the line of defence to should 
not exceed in length the range of the destructive fire of musketry, 
that the defenders upon the flank p o may be enabled to sweep 
all the main-ditch zz up to the rounding of its counterscarp, and 
also the salient place of arms before it:* now this is efi^ted 
by the tracing just named, when the exterior side of the polygon 
is about one hundred and eighty toises; were it more or lesB^ 
the consequences already named (paragraph 24) would ensue ; 
besides which, when the enceinte has its usual relief, (namdy, 
about forty«four feet) giving a curtain of seventy-three toises in 

• If this line from o (the eartain angle) to d (the salient place of 
arms) be measured, it will be found to be about one hundred and flfty- 
fiTe toises or three hundred and ten yards: formerly rampart muskets^ of 
a large calibre, were used for arming the flanks to command this long 
range ; but the strength of gunpowder has been so much increased since 
Vauban's time, that common muskets will now safiiee, although this is a 
very long ran^ for them ; in the modem system this range la shortened 
to two hundred and ninety yards, which is better. 
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length ; and that the flanks and fiioea of the bastions hare also 
the respective dimensions just named, then nothing less than a 
mean exterior side will admit of these arrangements. If the 
exterior side of the polygon belongs to the small class of about 
one hundred and twenty toiaes, it wonld be impossible to give the 
eneeinte a relief of forty-foor feet, providing for it, at the same 
time, an the flanking and defensive properties hitherto consi- 
dered ; therefore in proportion as the side of the exterior polygon 
beeomes short, a bold relief most yidd to one of less height, 
which of eoarae gives shallower ditches, lower rev^tements, and 
less formidable works. 

120. As nothing less than one hundred and eighty toises, 
exterior side, will admit of the construction of a front possessing 
the best defensive properties, it is questionable how far the third 
or small dass of fortification should be admitted in practice, 
miless it be in cases where the ground on which the works are 
constructed is so restricted that a full and efficient firont of one 
hundred and eighty toises cannot be obtained ; or where, as in 
field fortification, works of a slighter character will suffice. 

90. In theconstructionof Vauban'sfirstsystem, (app. No.d) 
it is stated that the perpendicular is made one-eighth of the 
exterior side in a square ; one-seventh in a pentagon ; and one- 
sixth in a hexagon and in all superior polygons: the length of 
the perpendicular depends on the length that is proper to give 
to the flanks of the bastion ; for instance, in fig. 5, fironts b e 
and edf ihe perpendicular ef is short; and in the adjoining 
fironts a b and a d^ it is longer, which (under every other similar 
drcumstance) gives short flanks in the former, and long flanks 
in the latter, fronts. What the proper length of flank should 
be has been already stated (paragraph 25) ; the conclusion is 
that the perpendicular diould be long enough to give this 
required length of flank ; and one^sixth of the exterior side 
suffices to do so ; therefore in no case is it ever made more. It 
remains, however, to explain why it is made less in the cases of 
a construction on a square or a pentagon ; now let the effect of 
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m long perpendiciilar be considered (in fig. 5) as it afiects the 
flanked angle of the bastion, and it is readily seen that, in 
proportion as the perpendicular lengthens, the flanked angle of 
tiie bastion becomes more acute : the angle of a square (fig* 5) 
18 only 90^, and that of a pentagon 108° ; then i^ to the firasta 
on these low polygons, the fill I perpendicular of one-sixth of the 
exterior aide were given, as in fnmU a b and a d^ the interior of 
the bastions would become so contracted, from the acalenoM of 
the flanked angle, that their efficiency would be greatly dimi- 
nisfaed, and the gorges nearly dosed up (as » a o A, ^^ 5) : t» 
prevent these evils, and to keep the bastions as large as the 
acQtraiess of angles of the polygon will permit, the perpendicolar 
is shortened to one-seventh of the exterior side in a pentagOBf 
and to one-eighth in a square, which in the latter case reduces 
the flanks to twenty toises in length ; but as the angle of the 
pentagon opens 18° more than that of the square, the perpen- 
dicular may be increased from one-eighth to one-seventh of the 
exterior side, in order to obtain as long a flank as possible, 
without rendering the flanked angle too acute; and in the 
hexagon, as the angle is 120°, the perpendicular can be made 
one-sixth or its fiill dimension, which never varies in higher 
polygons, as it gives the necessary length of flank, in i^l 
<ndinary cases. 

81. In the low polygons of a square and pentagon, as the 
flanks are thus shortened, their capability to defend the main- 
ditch is also lessened ; consequently, it has been customary to 
reduce the breadth of the latter to fourteen and thirteen toises at 
the flanked angle. 

32. Thus the width of the ditch and the length of the flank 
that defends it, operate mutually on each other ; and when, firom 
the above or any other cause, it becomes necessary to shorten 
the flank that has to defend a ditch, the latter should be 
narrowed also ; and the converse of this should likewise be kept 
in view, namely, that when it is necessary to widen a ditch» it 
^ould have a flank capable of defending it efficiently. 
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Although the fo icg rt pg ptti§;iaphs have been lequiiite to 
eipbm tiie BMde of regnktiiig the perpendicular and flanks in 
kfir polygona» yet it may be w^l to lemark that works of a 
ptmanent character are rarely or ever eonstnieted on a square 
or pentagon, except in the cases of dtad^ (definition 32) : the 
ang^ of the polygons of fortresses of a respectable size being 
usually IM^ or 150^, which is an opoiing sufficient to admit of 
large spreading powerful bastions. 

88. In the tracing of the fint system of Vauban, the 
coanteiscarp of the main-ditch {p (2, fig. 1) is drawn finNn the 
dioulder angle of the bastion p» to be a tangent to the arc d; by 
thisy ike whole flank p o can deliver its fire along the ditch to be 
defended ; whereas, if the counterscarp were drawn parallel to 
the fiwe of the bastion, as is the case in fig. 5, front a 6, where 
i t is parallel to A i, then the ditch would be directly defended 
by only that portion of the flank h k that can look along its 
whole length, and it would be deprived in a great measure of the 
benefit of the remaining part (ko) that could only see it 
partially. 

Thus have the leading features of the tracing of the enceinte 
of the first system been explained; audit now remains to show 
the principles upon which the outworks, covered-way, and 
glacis have been traced, as fiir as their outline and length of 
line is concerned. 

84. The ravelin or demi-lune (definition 28) has a capital 
a/, ^. 1, front r q, of fifty toises ; and its hcesfg and/A are 
directed to points at five toises from the shoulder angles (m and 
p) of the bastions in its rear : this makes the fiuxs of the ravelin 
about equal to those of the bastion ; and considering that these 
lines have to defend and flank the ground before each other 
respectively by a cross fire, and that this mutual support is of 
equal importance to each, they have accordingly about an equal 
length of rampart in their feces : the ditch of the ravelin has its 
counterscarp parallel to its escarp, and receives a fiill flanking 
defence firom those portions of the faces of the bastions that look 
into it 
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35. Tbe corered-way (definition 12) it formed by the cietl 
of the glacis passing around in a succession of salient and le* 
entering angles, all within easy musket shot of each other ; it 
is traced at fiye toises parallel to the counterscarp of the ditdiei^ 
that the defenders may have room enough for all necenaiy 
mo?ements within tbe glacis; and the places of arms (definitioii 
20) giTe space for the assembling of considerable bodies of 
troops when required. 

96. By reference to paragraph 23, the 3d head there 
nimitioned still remains to be explained ; viz. the opening of the 
different angles of the works. In fig. 5, the defenders on the 
hcei of the bastion », c, o, being supposed to fire perpen- 
dicularly to the parapets behind which they are placed, there 
will be a great sectoral space $ before the salient angle, 
undefended by a direct fire ; hence the capital prolonged which 
leads to this angle is the least defended line: and the HHMt 
proper for an assailant to select on which to approach the work 
from the country : now this sectoral space, undefended by a 
direct fire, becomes less and less in proportion as the salient 
angle of the work opens, and greater as it becomes more acute ; 
in this respect, therefore, obtuse are preferable to acute angled 
works : besides which, there may be said to be two more reasons 
for the superiority of obtuse angled works : 1st, they give greater 
interior space, and thereby admit of larger bodies of troops and of 
more artillery being used in them ; which, of course, increases 
their importance and power : the artilleiy too can be worked 
freely dose up to an obtuse angle ; whereas the gun carriages on 
opposite foces near an acute angle will interfere with each other. 
2d, an acute angle having less solidity than an obtuse one is 
sooner injured by the action of time and the weather ; as well as 
more readily beaten down by artillery 

37. The influence that the perpendicular exerts on the 
flanked angle of the bastion has been already noticed in tlie latter 
part of paragraph 30 ; and it will now be more clearly seen, by 
the aboye explanation, that tbe perpendicular must never be 
made so long as to choke up the valuable interior space of the 
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bastion ; but that while the proper length of flank is attended to, 
the opming of the angle of the bastion should be as great as 
dremnstances will permit, 

38. It has been considered as a principle that the salient 
ai^;le of a work is never to be less than 60^ ; thus for example, in 
the construction of an advanced lunette D9 ^. 30, the flanked 
angle is dirown as much in advance as this general rale will 
peimit, that is^ the triangle ^ ^ is equilateral, which of course 
gives the least angle or OOP ; while the sides of the triangle 
g^ ogare each equal in length to the range of musketry. 

30* Re-entering angles being, in most cases, angles of 
defimoe, their opening should be regulated with reference to the 
best situation in wbich artillery and musketry can be placed for 
the use of these weapons. For example, take the flank p o, fig* 
I, front r-q, in the panpet of which embrasures are opened to 
pormit the gunsto defend the ditch; if the angle of defence r op 
be a right one, the embrasures are then cut perpeodiculariy 
through the parapet, which would not be the case if the flank 
stood either at a greater or a less angle than 00^ to the line to be 
defended ; but the embrasures wotdd have to be oblique to the 
parapet, which should be avoided if possiMe ; for in fig* 6 the 
gun on its ^airiage behind the embrasure a that is perpendicular 
to the parapet, can be run up so that both wheels are checked by 
the hurter, and the piece itself is run clearly into the embrasure ; 
whereas, in the oblique embrasureift, the off wheel alone is checked 
by the hurter« the near wheel being at some distance from it, 
which prevents the gun being run out clearly into the embrasure. 
This is injurious to the stability of the embrasure, for the flash 
and concussion from the discharge of the piece generally injun^ 
and shake the cheeks; and, therefore, the ferther the gun can 
be run out into a wider opening, the less will the discharge 
injure the embrasure ;* this can be^ and is, generally obviated 

« Hence long goDs are preferable, in earthen embraearet, to carw 
ronades, howitzers, or abort gans ; the flash from the latter taking plaps, 

D 
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by ihe Gonstraction seen in embrasure e, where the erest cf the 
parapet is made perpendicular to the line of fire de^ so that the 
gun can be run out as clearly as in embrasure a ; but this oUi^ 
qoity of embrasure, besides having this troublesome oonBtmcdon, 
cats up the merlons more than do perpendicular embrasures ; 
and for these two reasons the latter are preferable, except in 
cases where a flanking work cannot be made perpendicular to 
the work flanked : the general principle then, is, that angles <d 
defence for cannon should be right angles. 

40. In Vauban*s first system, the angle of def^iee is 82^» 
which is snfiiciently near a right angle to obtain M the 
adrantages required by perpendicular embrasures ; id^ioagh tti 
tlie modem system it is made exactly a right angle. 

41. In some old fortresses and constructions, the flank of 
the bastion is seen to stand at an acute with the line of defence^ 
(as in fig. 1, front qb, flanks 22, 92) having a space 82) 93 
betweeen it and the Ime of defence, called the second JUaA or 
/Umk of the cicrfatn, intended to carry artillery in oblique em- 
brasures to aid in flanking the main-ditch and contending witfi 
the opposite counterbattery. When the line of defence dins falls 
npon the curtain, it is called a line of defence Jidumte; but when 
^bawn as usual to the curtain angle, it is a line of defence raeanie: 
the former is evidently a defective construction, as it interferes 
with aH the principles already laid down ; viz. it increases the 
l^igth of the line of defence, which is already almost too long; 
it contracts the interior space of the bastion ; it obliges the em- 
brasures to be made very obliquely, &c without giving any 
compensating advantages from a weak and ill directed additional 
flanking defence. 

42. Those portions of the faces of the bastions that look 
npon and defend the ditches of the ravelins are seldom or ever 

almost within the narrow neck, soon renders the embrasure a shapeless 
opening; and when the cheeks are lined with fascines, or long faggots of 
bmshwOod, ftc, they are liable to be fired and destroyed by the flash 
Ihmi short guns. 
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Mt light angles to the parts defended ; the embrasures are conse- 
quently oblique to their parapets, and this construction must be 
iulopted unhesitatingly, whenever it becomes necessary. 

43. In examining the tradog of tiie covered-way, which 
ii laid out to suit a musketry fire, the &ces of the re-entering 
jdaces of arms stand at an angle of 100^ with the adjoining 
branches of the covered-way ; and the reason why angles of 
defence for musketry are 10^ more than those &r cannon is that 
tlie latter are ahrays regularly laid and pointed ; wheraas a man 
wHli a musket firing over a parapet, in casea of darkness, &g, 
jmoke, or cootoion, is very likely to vary the inclination of his 
mnaket to the right or left, out of a line perpendiciilar to the 
parqiet, which deviation may carry the fire upon his comrades in 
tht vork fiaaked : to prevent accidents of this kind, angles of 
4efsDce for BMwketry are usuaUy made with an opening of ICMK'* 

44. Ib considering the general outline of the defensive 
masaen (as in fig. 1), and in suf^xMing that an enemy in ft steady 
ngnlar megB approachics in an equal manner with his tjEeaches 
ovBT tde greiind which he occupies, he will first anlve at tha 
most projecting points of the covered-way ^ now in fig. 1» whew 
the aidieot places of arms are all neaiiy in the same dfoimfaeience 
«f a drde, «s c, A4, 35, and 36, he can estabUA his batteries 
tat ooonteifaattering and fareaefaing (paragraph J6) the body of 
the place mod the ravelitts at the same time ; but in fig. 25, the 
aalicBt places of jurms befcie the ravelins pri^ect so much bey^^nd 
those of the bastions, that the assailant would be taken in flank 
and in revetae, did he attempt to lodge himself at t befiure the 
haarion, by ike hees of the adjoining ravelins thsit c»mpU^y 
command Ike ^paee i ; the ravelins must therefore be first taken, 
at dmir defences entirdy silenced, before the bastions call be 
vegolarly attacked, a delay highly &vourabie to ihe defence; 
Ipenoe great salient and deep re-entering angles tend in general 
to increaae the defensive properties cf w(«k&. 
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CHAPTER in. 

On the uies of the works* 

45. It b now time to connder tiie uses of the various woiiui 
of a regular front according to Vaaban*8 fint ayateniy the wajr in 
which they mntoaUj flank and aid each other, and their 
reflective properties : and, in examining each work, two things 
most be kept in view ; the fint is its intrinsic value ; and 
the second is its relative value : the former includes the extent 
and power of fire that the work can bring upon the surrounding 
country, what obstacle it offers in itself to an enemy as to its 
inaccessibility of situation, its ditch, height of rev^tement, and 
its resources to prolong its defence to the utmost: the latter 
refers to the extent of infiuence that a work exerts upon the 
neighbouring ones, or they upon it, by its cmiability of giving 
or receiving assistance* 

46* Before entering upon these details, it may be well to 
remark that the two weapons to be brought into fell operation upon 
all the ground over which an enemy must advance, are musketry 
and artillery : for the first, (whose range is the shortest), there 
is provided a sheltered advanced position outside of the ditdies 
(the covered-way) firom which a fire can be kept up all round the 
fertress : this formidable line of musketry is supported by (the 
fiices of the bastions and ravelins or) strong batteries of artiUory 
whose fires cross in every direction : so that every advantage to 
be derived firom the defensive wei^nms is secured in the best 
manner by the positions of the works : and viewing the field to 
be defended in this light, the most convenient mode of entering 
upon the merits of the works will be to begin with the covered- 
vray or musketry position, and then pass on to the outworks and 
the body of the place. 
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47. The coreied-way beinf^ thirty feet broady and haying a 
parapet or glacis on its exterior^ the crest of which is from seTen 
feet and a half to nine feet in height; ita£Rnrdsin the first plaoe^ 
a secure road of conuniniicati<ni all round the fortressy outside of 
the ditches : here guards and sentinels are placed, which proTent 
all aooesito the co u nt e rscarp of the ditch, to reconnoitre its state 
or dimensions; an evil against which it is difficult to find a 
remedy in fortresses unproTided with a eoTered-way, during 
dark and tempestuous nights: and as the banquette is but four 
feet and a half lower than the crest of glads, a strong pali- 
sading* is pbced at die foot of the interior slope of the gfauas, 
to prevent any attempt at forcing a paswge into the covered- 
way. Secondly, firom the covered-way, a close grazing fire of 
musketry is obtained upon the glacis and the surface of all the 
groimd without. Thirdly, bodies of troops can be formed in the 
covered-way and its places ofarms, to act defensively or offensively 
by sorties rf although there is room in the covered-way fer its 
defenders and all theb operations, there would not be convenient 
space fer the annembling of such bodies of men as are required 
fer sorties, were it not fer the places of arms (definition 29). 
The re-entering place of arms also afibrds by its position a 

* The wood«B palisades used in fortrasses m, ia general, very 
massive, being wedge shaped, the flat side inwards and about nine inebes 
broad ; they are sank two or three feet into the earth, where they are 
attached to a heavy beam, as well as bound at top by a ribbon : they 
stand at nine inches asunder, so that the defenders on the banquette fire 
between them ; they are pointed at top, and are no higher than the erest 
of the glacis, that they may not be seen from the eoantry • 

t A sortie is an attadi made by a body of troops that issue from the 
place, upon some of the works or parties of the assailant : well managed 
sorties are of much importance in prolonging the defence, either by 
destroying some of the enemy's works, or obliging him to proceed with 
great caution, and thereby gaining Ume^ which is of the utmost 
Importance to both parties ; a gain to the besieged, and a loss to the 
besiegers. Passages are prepared in various parts of the glads to 
fkcilitate the egrets aad ingress of sorties. 
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flanking fire Upon tlie gitmiid before die ai^oiniiig fthukSbes of 
Um covei^«wa)r« In a forticss without a oorereil-waj, troopa 
for aortieli or ofieiwiTo {lUTposes must be formed either within the 
ni^ works wheil the diteh is wet, or in the ditcfate when dwy 
«re drjr; in the former case the defondeis are seen by the 
■wnilnnt'n batteries the moment they begin to defile acroas Ihv 
bridgM c ot in the latter, as thej aj^pear by suceessiTe files en 
ihetdpof the comitefscarp; consequently their regnlar foniiatkHi 
is bxnkfen from the fiist^ and the ]jDWer of didr attack thet^ 
gteetly diminished: and as sorties issne for a specific pnrpase, 
anch as lb overtiiiti# some of the enemy*s works, to bum er 
destroy a part of thdr siege materiiJs, to qpike their gwi% te^ 
the assailant has generally time to collect a forcer sofiidenl to 
eMige the sortie to letreat in intste ; regularity cannot then be 
always preserred in a way Uwt is necessary to check an o?0r« 
]k>wering assailant pressing on a party that have merdy narrow 
paasilges, (as staircases down the counterscarp in dry ditches, 
«r bridges in wet ditches), by which to retire; oeuteieii and 
kss are then most likely to ensue ; not to speak of the pisssttuStty 
of a bold rush being made to foUow the sortie into the place. 

Whereas, in a fortress prorided with a coverdd-way, the 
sorties form in the various places of arms, on the fronts required \ 
the cavalry ready to mounts the light artillery horsed, the 
eohimns of infantry regulariy fortned, and the working parties 
paraded with their entrenching tools, &c«, to demolish the 
enemy's breast^works or parapets : while the crest of the glads 
is lined in every direction with light artillery and musketry : the 
sortie issues by many passages cut throi^h the glacis, (eitha so 
cbtiquely or curved that tile enemy cannot enfilade them), and 
iriimediately proceed to the attack : the work being accomplished, 
tbe party retires in like manner, protected by the near fiire of 
their comrades within the glacb, where a secure position is at 
once afforded them to &ce about and repel all further attempts. 

48. It may be said that sorties are usually made at night 
and that the advantages of the covered-way are too much majp- 
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nified in thii retpeet, in the Ibv^foing paragiapb : in answet to 
whick it mutt be remembeied thai militaiy leaden do not in 
general approye of night attacks^ eicept in peculiar cases; and 
that the proper honn fix making sorties must depend on dream- 
atanece: hot if made a little before daylight, as is often recom- 
mendedf still the coyered-waj will offiv all the adyantages 
abeadj named to the letiriog sortie after their duty has been 
executed, and the day has brok^u 

4&» Fourthly, the crestof the gladsbeingonanavevageabont 
eight feet aboye the leyel of the ground, the scarp rey^tements 
of the main works in its rear, can thus be made eight feet higher 
than would be possible if there were no glacis ; for it has been 
already shown how necessary it is to hide all the rey^tementa 
from the fire of distant batteries : thus a most important result 
is obtained by the coyered-way and glacis, in the increased 
height of the scarp rey^tement. 

50. Fifthly, the exteriiw part of the fcurtification, namely the 
glacis, presents to an enony an indestructible bank, (for the 
slope is scarcely two inches to a jud in length) exposing its 
whole sur&ce and all beyond it to the fire of works in the rear: 
up this glads the assailant must work, and must reach its crest 
ere he can see the rey^tements of the place: here he is in a 
podtlon exposed to the fire of all the remaining defences; and 
by its eleyation, greatly interfering with, and masking the 
efiectso^ his own batteriesin the sear. And sixthly, he cannot 
descend to establish his batteries in the coyered-way, for it is 
only thirty feet broad ; which, although quite wide enough for all 
the necessary moyements of the defenders, is too narrow for the 
assailant to construct a parapet next to the counterscarp and to 
work his guns behind it ; for this would require a space of at 
least forty-four feet, and as the crest of the glacis is but thirty 
feet from the counterscarp, there would remain fourteen feet of 
glads to cut away horn the crest ; a proceeding too long and too 
laborious to be contemplated in common cases. 
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61. Tlie eovered^wttj beings a loW<«wotky it is nibfect U^ 
the diaadrantage of being easilj enfiladed and ricoeheted by the 
eneiny*a batteriee (see patagtaph 8) ; and to lessen the efieds of 
this destractiTe fire as much as poasiblei trarerses (definitioift 
30) are thrown lusross its breadth at iiitervals of about twentf 
toises; the trayerses have their crests as high as the glacis, wod 
aie generall J perpendicular to the coTered-way ; Aese masses of 
earth stop the shot projected irom the enfilading batteries ef 
attack ; and to do so effsctually, they should nerer be more thatf 
twenty toises apart, that if a shot ricochets over one trsTerse, it 
diay be stopped by the next. Trayerses are made on the pio- 
longations of the parapets of the fiices of the bastions and 
ravelins, since there is no direct fire on these spots from the 
parapets themselves : they are also always srade at the enfnaioe 
of the re-entering places of arms, in order to close in these 
important rallying posts to the covered-way. Traveiass are 
made to face towards the salioit places of arms, as they are 
intended to assist in disputii^ the possession of the covered-way 
with the assailant, who, in the general progress of the attsck^ 
enters the salient places of arms first, where a fire is brought 
upon him fipora the two traverses, right and left ; and should the 
defenders be driven from them, they retire b^ind Ae next 
traverses, and continue to dispute the covered-way till they 
reach the re-entering places of arms.* Traverses in ihe covered- 
way are palisaded to hinder an enemy foreing himself over 
them ; and a barrier gate connects the palisades of each traverse 
to those of the glacis. 

* As all the faeei of tile works (whose prolongations fall upon groundl 
without, upon which an enemy can establish himself) are subject to be 
«nfiladed ; traverses are usually constructed on them between every two 
guns, to neutralize the effect of this otherwise destructive fire: these, 
however, are not made till the siege begins, and are merely passive 
mounds of earth, and not intended for defensive purposes, as in tlie 
covered*way. 
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62. In Older to permit the defenders to drcolate with et«e 
oroond the covered-way, the crest of the glacis is formed as seen 
in %• Ifab^ed, which is called the doahle crotchet ; or as e/# 
the single crotchet passage : the former is Vanhan^s constmction ; 
and flie latter was introduced as an improvement by Corraon- 
tainge, and has heen oontinned in the modem Sjrstem: the 
eanse of this change ftmn tiie doahle to the ringle crotchet 
passage is that the defenders hehind the traveise g cannot see 
into the whole of the next crotchet 60, and that a few men of an 
attacking party might find shelter firom the ^xe of the traverse g 
in the nook b; this is remedied in the single crotchet ef, where 
ftke (be from the traverse h can defend the whole space et. 

58. Notwithstanding this alleged improvement, it is yet a 
question which construction is best; for in fig. 7, let it be 
lemembered that the crest of the traverse / is four feet and a half 
higher than the banquette k of the glacis in its rear ; therefore, 
a riiot from the enemy's batteries coming from JS would be stopped 
by the traverse I, which thus shelters the defenders on the 
banquette k: whereas, in the single crotchet, the head of the 
traverse m does not protect the defenders on the banquette o 
from a shot coming firom 9" : besides whichi the few men that 
could find a momentary riielter in the nook 6 of the double 
crotchet would still be exposed to a fire frtmi the parapet 2 of 
the main-work in its rear. 

As each traverse with its passage occupies a portion of the 
length of the covered-way of about fifty feet, it is necessary to 
suppress the regular banquette of the covered-way in these 
places ; by which, there is a loss at each traverse of the quantity 
of mudLOtry fire itmt could be derived from this space of fifty 
feet : to obviate whidb, it has been proposed to support the 
interior of tlie glacis at the crotchets by a perpendicular wall of 
masonry ; at the feot of which a narrow step of masonry could be 
built, to permit Ae defenders to fire ever the glacis : in this 
case, it may be readily seen by fig. 7, that the single crotchets • 
and/ are mors soiled for audi a constmctioii than the doable 
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dotcbelB a fry ed ; as men |4aced behind the latter would be ^il l9 
fire upon each other: but in the aiiigle crotchets, they woaldaMiat 
hi flanking the adjoining lines. This b one of the the w gt fc a t 
imiifoi^ements Uiat has not yet had the test of piaetioe* 

54U It has been recommended by some engineeffs to inilst 
these passages nine feet in the dear* that Ught artilieiy Mght 
be taken throi^^ them in case of need ; when the single croldiel 
would be found more easy to pass than the double: othen Ibul 
the passage to six feet in the cleari that ae much banquette atf 
poss ib l e nught be given to the glacis. 

55. It has been asserted thati in a sudden nosault^ the 
assailantsi besides forcing themselTes into the salient ptose of 
arms z, would man the crest of the glacis sors, fig. 7» and with 
iqieaiB or lances prevent the defenders retiring by the vnal 
passage; to obviate which it has been proposed to make a 
passage of six feet, as at I, on the side next Uie oountersssip { 
and to prevent a chance shot ^ifilading the oov«red-wi^ tikioagk 
this opening, an additional thin travene u would have to bs 
added ; or, instead of this passage t and additional t im vene «| 
it has been recommended to insert stone or strong timber corbels 
V V into the rev^tement, and by laying planks over them to fontt 
a balcony to pass round the traverse, and thus avoid thestt|q^osed 
obstacle at x x. These details, however, are not suited for practiee^ 
as the spearmen at x x ought not to be permitted to have anything 
beyond a momentary possession of such a position* 

56. Lastly, the covered-way being low and fidly cemmandsd 
by all the main worics in its rear, it may be even abandmMd to 
a sudden and ovorpewenng attack, in order that the whole fire of 
the other works may be biought upon the enemy witUn it : and 
when it is thns obliged to yield, there Is «dways a hope of 
regaining possession of it under the fire of the more cotomaiding 
works. 

57. Definition 28 and paragraph 94 state the nature and 
dimensions of the ravelin; the relief of which is sufficient to 
pscaiit it to file over the glacis witb ease, astd in general k is 
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only ftiMD ihtee fe six feet lower than the body of the place ! it 
is therefeite well aitoated lor flanking by its fire all the gionnil 
on eitheif aide of it^ and thus efeotaaUy defending all i^>(iroach 
en the ^pitala of the bastion^ by a clooe and powerful fire: fer 
•appose 8 front, as qb, fig« 1, withotH a mrelin^ the capitals of 
the bMtions wonid be flanked only by the fire of light aitiHsry 
and mosketry from the dietant feces of the re-entering place of 
ams 2; an eaemy also ooold establish strong batteries (1^ €, 3) 
at the re-entering angle oi the counietscarp against the flanks 
of the bastions and the curtain 2 which poaitioii he cannot oecUf^ 
on the front r g, where there is a ravelin, until be has got 
possession of this formidable work* Its shape then, thus 
spreafyng its faces to the rear) corers, in a great measure^ the 
cnrtain and flanks of the bastions from the fire of an enemy's 
batteries i>n the crest of the gliuas, as well as fimn his distant 
liaitteffics> 

58. The rardin dso by its projection inakes a re-entering 
«B|^ at the bdunteiscarp of its ditch on each side, and thus gives 
^M means of fotming two re-»eiltering pbces of arras on one 
fiiont (as on rq) ; whereas there is hot one on a front without a 
lavetitt (as^ 6) : therefore, in the Ibmer ease^ the general outline 
of -the covered'i^ay is flanked by a nearer and stronger fire of 
jwlsketiy tiran in the latter* 

bfk inafrontwitimutaravriin^ asinfig. 1, 54, the bridge 
of eoinmanioation leads firbm the encenite to the tenaille (5), 
and thelice to the re-entering place of anas; which singfe line 
it wfiM mat be dtfficidtto enfiade; besides oflertng to an enemy 
a mMoh^alerprobafatlity of a snecessfhl entrance by a svdden 
asaank, thsii on a firont wbere tifeie is « vavelin, in ^hitk tho 
Uno of eeaHnnBseation between €bB eneeiBte and the covered- 
wayisbBoken; aBseBnin%. l9iriiit«r,bythe twobri<%esT 
ami ^, b0lk secured by dkawinidges and guards wiUhin sad 
without.- 

60. In somecases Yauban gave flanbn to his ravdins, as 
mi tte fieivt f d, ig* 1 (Iha flanka are umialiy paraiiel to the 
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capitd): the object of tlib omitnictioii is to force fbe besieger to 
capture the raveliii before he attempts to assanlt the ftoes of the 
adjoining bastions; nnce to do so, without silendnf^ ihem 
flanks, would subject the assaulting party to be taken in flank 
and reverse by a battery of at least lour guns : for instance, Hw 
batteries in the flank of the rayelin 15 bears upon the whole hcb 
of the bastion r 14, in flank and in reverse. 

61. The ravelin flien is a work of great impcnlance, not 
only from its podtive, but also from its relatiye value, and is 
indispensable to the efficiency of a front accessible to a rq^nlar 
atta<^« 

02. Definition 31 notices the position and some of the 
dimensions of the tenaille : this work is of more value fimn its 
passive and relative, than for its active properties: its crest 
(which is determined according to a process detailed in paragnqph 
117) is usually a few feet higher than the plane of nte, fliat the 
artilleiy on the flanks of the bastions may be able to fire over it 
upon the main-ditch. It is made eight toises thick, that time 
may be room on it for a regular parapet, with a us^ul terre- 
pleine of twelve feet vnde in its rear: thus fiinnshed, the 
tenaille can give a direct fire into the interior of the ravelin, 
after an enemy has taken it ; as also an oblique fire upon the 
main-ditch and the covered-way : to these, its active pr o pert i es, 
it adds the important advantage of hidii^ nearly all the vev^te- 
ment of the curtain and flanks of the bastions firom the view of 
the enemy's batteries established on the crest of the glads ; or 
subsequently in the ravelin after its fall : therefore, according to 
the prindples laid down at the end of paragraph 8, a breach fit 
to assault cannot be made in these parts of the encdnte, and the 
lev^tement of the fiice of the bastion alone is sufficiently exposed 
to have a practicable breach made in it ; thus then the enemy must 
assault that portion of the enceinto behind which the defenders 
have ample space for making the best defence posdble. 

63. Again, the mass of the tenaille is no less uselhl in 
hiding firom the enemy's establishment on the covered-way the 
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opening or do<Nr of a Tanlted passage or poatem of masonrjr (9, 
10» ^. 14) that commonicatea from the interior slope of the 
rampart in the centre of the curtain, to the main-ditch ; apostem 
is also ineroed through the tenaille itself, (10,11, fig. 14; figs.54 
and 56) ; and a protected passage, the caponniere (definition 34) 
ihai leads to the gorge of the ravelin ; thus a communication ia 
kept op between the enceinte and the ravelin, a matter of the 
first importance in giving vigour to the defence of Ais latter 
work. Now, if there were no tenaille, as cm the front a 9, fig. I9 
the batteries of attack (11, 12) on Uie ciest of the glacis (or 13 
established aAer the &U of the ravelin) wodd completely com- 
mand the month of the postern at 10, and prevent any egress or 
ingress by it, the only passage from and to the interior of the 
place ; a result that would be ruinous to Uie active defence of the 
ontwoiks, and which would entirely preclude the formation of 
tnojpB in die rear of die tenaille, for offensive purposes at the latter 
part of the siege. 

64. On the finmt r a, ^. 1, the main-ditch is supposed to 
be fiUed with water, which of course passes round the flanks and 
the rear of the tenaille; and as the rdief of the tenaille ia 
generally from twenty-three feet to twenty-eight feet, its crest 
would be firom fifteen feet to twenty feet above the level of the 
water, there would therefore be a space of dead g^round, or rather 
of dead water, before the tenaille: this is not however of great 
consequence, as no ferce of the raemy could get there without 
being seen on their way ; and no object isto begainedby getting 
there, fer possession of the tenaille would be of no use; nor 
could thia isolated work be kept under the tremendous fire of the 
flanks and curtain. In*a dry ditch the dead ground is rectified 
by a caponniere (paragraph 6&)* The tenaille is sometimes 
feimed as seen on the left firont of ^. 25, that is, with small 
feces, flanks, and a curtain: the object of diis construction is to 
obtain a more direct fire into the ditch from.die flanks, 2,3; 4, 5, 
to aid the flanks of the bastion, 7,8; 9, 10; the ditch in rear of 
the tenaille most always be thirty feet wide. 
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65. A caiMNmien is placed in a dry ditch for the purpoaet 
named in definition 84 ; for instance, in fig. l»firont 4, 0, tfaete 
is a aii^e caponniere in the bottom of the ditch of the rat eUa 
tecairer thedefendecs passing from the endof the wall 18 to 19s 
sad there is a double capoBniere at the bottom of th^ maisk^ 
diteh from the mouth of the poatem in the tepaiUe (16) to 
staireases at the ^oot of the gorge of the ravelin (17) • Capo 
are placed wheiever they may bo required* When a cuaelta is 
used (definition 33), it is flanked by a caponniere. 

60. We now come to consider the uses and value la (he 
▼aztous parte of the enceinte; the student is referred tm 
pamgraphs 25, 26, 27, 28, 37, 30, and 40, for the priacipfea 
of their construction, and for some of their uses; fimn which it 
may be gathered that the bastions are the most important parts 
of theenodnte from their projectioo, position, and i 

07. The whole of this fint enclosure being the last 
manent obstacle the enemy has to ovexcome, it is conifwpynti^ 
the BMMt formidable, having a broad ditch before it with aesurp 
lev^tements from thirty feet te thirty-five feet in hnight; 
massive ramparts and parapets carrying lbs heaviert artilleiy^ 
the various lines of which mutually flank each other, and ky 
:dieir height overlook all the works before them. 

08. In fig. 1, it may be seen by the position of the faces af 
the bastions that they fiiUy flaiJL by their five all the gioond 
be^Me the feces of the ravelins, and all the approaches by its 
•capital to its flanked angle or weak point-: the ditch of As 
lavelin is also defended by the fire of those pcMrtions of the 
of the bastions that look upon it ; and those must be silenodl 
the enemy can pass the ditoh thus flanked to assaidt the lavelisu 

€0. The flanks of the bastion c^ carry batterdes of sis er 
mven pieces of artillery each, to defend the main ditch; and aa 
it has been already shown that the feces of the bastions are the 
only parts of the enceinte in which the assailant can make 
practicable breaches, (paragraph 62) it is quite necessary that 
the ditches by which these breaches can be oeached, ahooldhA 



47 

IblljtiPBplby the fire of die flanks; and this IS the case; for in 
^g, 1, fiont r ^9 the fire of the flank p o sweeps the whole of th« 
ditch z ft, hefoie the fiice of the bastion mr: now in a fegnlar 
attack, ihe passage of the main-diteh cannot be efibcted nnder 
the fire of so strong a b«tter|r» whidi has to be silenced before 
the attempt be nude. 

7ik The cortain may be said to hare more a pamTe than 
SD aetiTe defence ; it doses in the body of the place by joining 
the bastions to each other, and it overlooks the woiks before it ; 
into which it can poor a strong firs after their fiill into the hands 
of the assailant: as it has only a command of observation over 
the ravdin, (definition 21) its embrasoies mmit be oblique to fire 
into the covered-way, or upon the country beyond it. 

71. Thus, in the enceinte, the feces of the bastions may be 
said to have the most active duties to perferm ; the flanks are for 
a ^ledfic object, viz. tiie defence of die-main ditch ; and the 
curtain is nearly a passive barrier tiU the end of the fliege, when 
Hb fife tells strongly on the woiks before it 



CHAPTER IV. 

Obierwttiiomi oft some ofthoieparts ofpkm drmmng thai arey tm 
general, difficult for a pupil to undereiand: CommunioaHone. 

72. in representing the woiics of a fortress, a plan and 
profile become neceasary ; the foimer, to show the horizontd 
lengtlw sad bveadAs; and the latter, the vertical heights and 
dqptfas, of the works and ditches: for instance, let a simple 
inverse or pan^t be c<»8id«ied; of which fig. 6 is a plan, and 
ig.0apiofile; the horizontal breadths are marked on the ground 
line a ^ as well as the vertical hdghts of the diflerent puts of 
the mass, from the same line : bat the length and position of the 
traverse caimot be aeen by the profile (fig. 0) ; for them a plan 
(fig. 8) is 
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73. The extremities of a mass of earth, of common tenacity^ 
ahaped as in fig. 8, will not stand perpendicularly ; thai is, the 
earth on the lines c d and e/ would not remain upright, but woidd 
seek a slope eA&mo/ that would stand without wearing awa.jr« 

74. A mass of common earth, oblong shaped, as fig. 10^ 
rqitf could only be made to stand without fidiing or wearing 
away, when it has a base q x equal to its height x u ; theielbie, 
to stand firmly, it must be shaped as quvt: and, in iqp|djiBg 
this principle to the parapet in fig. 8, the base ik of the slope 
at the extremity would equal the height of the crest, that is, 
seven feet and a half ; gkzz^vefcet; /m and no each three feel 
and a half; and the same dimensicHis would be required at tike 
other end cd: so that, if Uie whole line, tp, of the crest be 
thirty feet; the real crest kr would only be fifteen feet ; and thus 
half the utility of the parapet would be lost by the great natmsi 
slopes necessary for the ends of the traverses ; sinee the musketry 
defenders could only be ranged on the banquette from « toi, to 
fire over the crest krj besides, if traverses were thus cut away, 
and had such narrow tops, (as i^r], they would not fully answer 
their purpose of shielding the covered-way from an enfilading 
fire. 

75. Now it is plain thact this could be easily rectified by 
building perpendicular walls of sufiicient stability to support 
these extiemities of tlie parapets ; and, by this means, the fiill 
use of the whole crest ip and its banquette n u would be available : 
but masonry to support all the extremities of traverses, the steep 
interior slopes of parapets, the cheeks of embrasures, &c. are 
objectionable for two reasons; the first is the increased expen- 
diture thereby, of the most expensive material used in the 
construction of a fortress; and the second is the destructive 
effects of the splinters detached from masonry, by the shot from 
the attacking batteries striking it ; which would assuredly be 
the case, in the event of the interior slopes of parapets and the 
cheeks of embrasures being lined with masonry. 

76. It is therefore customary in permanent works to make 
use of the description of rev^tements common in field wortu, fer 
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•oppoitiiig the parts finl iqpoLen of, that the serious ohjections to 
masoDiy may be obviated ; these temporary xev^tements are of 
twrf^ gabumSf fuoinu^ and sand'hags, 

77. Tl^ iuffoT iod-^ork is cat from good clayey meadow 
land; each turf is from fifteen to eighteen inches long and 
three or four inches thick ; they are built up like brick-work 
as headers and stretchers, and strongly picketted down: this 
support Is sufficient in a parapet of six or eight feet high, 
if it has a base of one third or one fourth of the height. 
Sod-work, however, requires to be carefiilly cut and laid, 
and often needs repair. 

7S* Grabions are cylindrical baskets open at both ends, 
from twenty to twenty-four inches in diameter, and from 
three to four feet high ; they are placed upright or with a very 
small slope, and, when filled with earth, they resist the pressure of 
the mass of the parapet against them, and form a very good steep 
support ; they are quickly and readily laid, are much used in 
field works, but are, of course, perishable. 

79. Fascines are cylindrical faggots of strong teish- 
wood fit>m six to eighteen feet in length, and nine inches in 
diameter ; they are laid lengthwa3rs as the parapet is built up, 
and are well picketted down ; they can be built up with a slope 
of one third or one fourth of the height for a parapet six or 
eight feet high ; they form an excellent rev^temept, are readily 
laid, and much in use. 

80. Sand-bags are always kept in store in bales of two 
hundred bags ; when filled with sand, they are two feet three 
inches long, one foot broad, and seven inches thick ; they are 
built up like brickwork, having a base of one third or one fourth 
of the height of the parapet; they form a very good rev^tement 
for a short time, and from being so handy, are greatly used in 
sieges ; but they are very perishable. 

81. If, to the extremities of a traverse, such tus is repre* 
sented in fig. 8, a good field rev^tement be applied, having a 
base of one fourth of its height, the space fehhrno would be 

E 
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gteatly diminiihed; and it would assume the appetranc^ of Che 
dotted profile above the line dc; then, instead of thecrasl&r 
being only fifteen feet, it would be twenty-sii: feet three incliei; 
and thus almost the fiill use of the defensive prcycrties of the 
traverses would be insured: and the extremities of works, thos 
supported by sloping rev^tements, must always have the distorted 
aji^l^eanmce represented in the plans. 

In order to aid the defenders to pass round the crotdieto of 
the glacis with the greatest possible ease, it is customary Is 
round off the angles of earthen slopes at the outer extreni^ of 
the traverses, as in fig. 10, z z ; and as seen in the traveises m 
Ay fig. 7. The apgles of the slopes of the banqnettes of the 
covered-way are also rounded off at the onotdiets, far the ssme 
reason, as seen in fig. 7. 

82. Vauban*s rev^tement walls of masonry have all a ak^ 
in front of one fifth part of thdr height, and are represented in 
plan and profile as seen in figs. 4 and 3; where fg shows the 
horizontal width of the slope of the wall : now suppose thu to be 
the case in fig. 7, in the counterscarp rev^temoit npf it is 
customary to build the wall up in continuation of its slope to 
support the extremities of the traverses, so that the wall is higher 
(by the height and shape of die end of the traverse) at the part 
r s than it is elsewhere ; for the crest s of the traverse m is seven 
feet and a half higher than the terre-pleine z ; and 7^-r4^=l^ 
which, being added to the width np, gives a breadth sq of five 
feet eleven inches ; and the other parts of the profile are obtained 
in like manner. 

63. Thus, all the extremities of the feces of the ravelins and of 
the tenailles are supported by their rev^tement walls, built up in 
continuation of their slopes ; and which is shown by their irregular 
appearance in their plans, as in fig. 14 : and the interior slope of 
the glads, as well as that of the other parapets; also of the ends 
of the traverses next the glacis; the cheeks of the embrasures, 
the extremities of caponnieres, &c., are supported by some of the 
field modes of rev^ting, mentioned in paragraphs 76, kc 
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84. Bot wbeore the rev^ements are perpendieolary ae fai 
figs. 210 and 211» the extremities of the woTke, ajB^ well as of the 
traTeiaeSy are simply represented by a straight line ; and some- 
times even in sloping walls, the extremities of the trareises and 
other works aie finished by perpeDdicokr waDs, as ate seen in 
%• 7, travosss / and g. And, it is customary also, in drawiof 
plans ott a small scale, to sappress the slopes that have very nnall 
bases; such as the interior slopes of parapets, the ends of 
traverses, &c. 

85. Tfaeexpense and labomrof renewing Uiefiddrev^tefnents 
for the interior slopes of parapets, and to the cheeks of embra- 
suree^ is very small; as they are not foimed till a siege is 
apprehended, the interior slc^pes and banqaettes remaining in a 
ro^gh state ; and the only embrasures, permanently open, are 
those intended for the defence of ditches, as seen in the right 
firaot of fig* 14. 

86. In the details of the constmetion of staircases there is 
some difficulty atjfirat, especially where the rev^tements are 
sloping as in Vauban's systems ; for example, in fig. 7 the top 
and bottom of the rev^tement wall is shewn at the roumttng 
of the counterKarp by the arcs nr, pf]^p9p; and a flight 
of steps ascending in the masooory from the bottom of the 
ditch |i^ to the top of the wall nr, must aaKime a form anted 
to this curve. To construct these staircases, a distance of six 
ieet is laid off on the tower arc, on each side of the capital^ to 
jpp, so as to form a platform or landing place at the foot of the 
steps: the distances pn^j^r depend upon the height of the 
rev^temenl, and on the iqpare space that there rosy be between 
the traverses Z and m: when this space is restricted, and the 
rev^tenent is t<rfendily high, the staircases must neeessarily be 
steep; but when there is sufficient room, H is desirable to have 
the general sfcpe of stairs as easy as possible : the distance |i it, 
or ^ r Is usoally about thirty feet ; the points j^ r behig fixed, they 
become centres, on which to describe ares intersecting each other 
at iy with a radius efaal to the width of the ditch : from #, as a 
centre^ with the same radloi daseribe the arc pr; and a con^ 

e2 
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centric one beyond it| with the radios i/; the space r^ being 
usoaUy six feet, which is the width of the stairs ; after performing 
a like operation on the side j^ n ; then, from the salient angle of 
the cordon of the escarp, describe the arc yI / which is the top of 
a wall that rons down to meet the inner edge of the steps; each 
soccessive step between ^ and r should be directed to the point 
L An iron rail sometimes rons on the outer edge of the steps 
from p to r, and an iron fence gate doses either the lop or ik& 
bottom of the staircase. 

67. At the re-entering angles of the counterscarps, the 
jj^nciple of construction is the same for the staircases as detailed 
in the last paragraph ; but as the tracing is generally in right 
lines, they are more easily laid down on paper : for instance, in 
fig. 11, where abc represents the re-entering angle; ad the 
slope of Uie counterscarp wall; 6ei=nine feet : et, the length of 
the general slope of the staircase, is thirty-six feet : tonsix feet, 
the width of the st^: lo (the top of the wall that slopes down 
to meet the inner edge of the stqis) is parallel to the cordon of 
the rev^tement. 

88. With perpendicular rev^tements the staircases are mnch 
more simple in their tracing, as they merely occupy recesses in 
the gorges of the works, or in the salient and re-entering places 
of arms, six feet in depth, and of as easy a slope as possible. 

When a plan is drawn on a small scale, where it is usual to 
suppress the slopes of the rev^tements, the staircases are 
represented as in perpendicular walls. 

89. Ramps are gentle slopes of earth, constructed along the 
interior slopes of ramparts, to facilitate the passage of artillery, 
&c, from the interior to the terre-pleine of a work. To constroct 
a ramp, let & a c, fig. 12, show the original tracing of the rampart ; 
bk being the breadth of the interior slope ; and let b be fourteen 
feet higher than A (as is the case in fig. 3, where the interior slope 
has a base and a height of fourteen feet each) : lay off eight 
toises from a to d, and, with a radius of eighteen toises from d as 
a centre, cut the foot of the interior slope in e; join ed, and at 
each extremity raise perpendiculars to it, e/and dh; draw/9 
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parallel to ed at thiee toiaes; a coTraqponding operation ia to be 
conducted oa the other side to form m o : then, from ^ as a centre> 
describe the arc 9 / and decrease the radius kg by three toises to 
get ^t ; and describe the arc ip, to which /t and op are drawn 
astangenta: de is one hundred and eight feet, the length of the 
ramp; dg^ its breadth, is eighteen feet : the descent begins at 
dg, and the slope which runs gently to e/ is, in this figure, in 
the proportion of 1*55 inches to a foot. 

00. In plan drawing it is customary to represent all the 
masonry work in red lines, and the earthen works in black ; the 
cordon or master>line of the escarp is a thick red line, and all 
the crests of the parapets are in thick black lines. The tint of 
Indian ink for shading should be yeiy light, and all slopes shaded 
down, finom top to bottom, with a water brush* To omamoit 
the plan, the nys of light are supposed to enter from the upper 
left hand comer of the paper ; and all slopes that &ce it are but 
lightly shaded, while those that recede from it are more strongly 
so. Dry ditches have usuaDy a light flat tint of burnt sienna or 
umber ; and wet ditches a light flat tint of blue. 

In a profile, the earthen works are shown by a tint of umber 
or sienna ; the masonry by a light flat shade of lake : to finish 
the plan, there is a thick red line |on the side of the masonry, 
furthest horn the light. 

Communicaiion$» 

01. The communications between the interior of the place 
and the country, between the various works, and those to 
&cilitate the passage of artillery) &c. firom one part to another, 
may be divided into 

1. Gateways. 

JM. Driogcv. 

3. Posterns. 

4. Caponnieres. 
5b Staircases. 
6. Ramps. 
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Of these the two first naj be considered as etpeeiaDy nuide 
for the conrenienee and use of the inhabitants in their inter-' 
eourse with the country ; and the four last more particularly Ibr 
the use of the garrlaoo. 

92. Of the former there should be as few as posBible» sinoe 
they entail extra duties on the garrison, requiring conataiit 
watching and repair. In places of a small size, and, if possibly 
in every place, two main passages should be made to soffiee; 
Ibr instance, in fig. 1, the opposite fronts ra and 6 4 have regular 
bridges of timber across the ditches and passages cot through the 
taroparts and glacb, which lead to the main roads without : the 
rampart in the centre of the curtain is therefore left open, and 
supported on each side by masonry, to form a road snfikiently 
wide for the passage of carriages, waggons, &c. ; that is, irom 
eighteen to twenty-four feet wide; this passes undemeadi 
an archway in the scarp rev^tement, and leads over a bridge, on 
the same level, to the tenaille : the passage b continued through 
the parapet of the tenaille, over a bridge connecting the re* 
entering angle of the tenaille with the gorge of the ravdin ; in 
like manner, it proceeds through the ravelin, its rampart, and 
across its ditch by a bridge, to the covered*way : a winding 
toad is cut through the glacis, (to prevent its being enfiladed), 
which leads to the main roads without; as seen in fig. 1, firont 
ra. Here also it may be observed that this road, and the bridges 
it crosses, are fully defended ; the main bridge leading from the 
body of the place to the ravelin is placed between the batteries 
en the flanks of the two adjoining bastions ; as well as e^cposed 
to the fire of the tenaille and curtain : the continuation of the 
road through the ravelin and across the bridge of its ditch, can 
be both enfiladed and flanked from the different parts of the 
enceinte that command it; in short, this road of communication 
is better protected in this situation than it could be if placed in 
any other part of the works. 

93. The bridges are always broken by drawbridges which 
can be raised on a moment of emergency ; and are usuaUy drawn 
up every night by order of the governor of the place ; guards 
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aie neccwaiy in the corored-waj, ravelin, and curtain, to protect 
and watch the bridgee ; and every precantion is constantly used 
to prevent an enemy getting any access to these passages, either 
by force or stratagem. 

04. It has been nsoal to have high ornamented gateways 
leading to the bridges in the scarp revtoments through which 
the road leads; but they are disapproved of, as being higher 
than the rev^tements, their masonry is seen above the crest of 
the glacis, and they thns point out to an enemy the exact 
position of the bridges, and assist him in destrojdng the com<* 
munications from his distant batteries: besides which, these 
great gateways occupy thirty or forty feet in the length of 
the TCiv^tement, and prevent that portion of the parapet from 
famishing any fire. 

05. Poiiems are vaulted passages of masonry constructed 
underneath the mass of the rampart, to communicate from the 
interior of a work into the ditch before it, as in fig. 54 : in a dry 
ditch the door at the mouth of the postern is about six feet from 
the level of the ditch, and the defenders pass up and down by 
temporary wooden steps which are removed at pleasure ; so that, 
if an enemy gets into the ditch, and is so powerful that the 
defenders must retire by the posterns, the wooden steps can be 
drawn into the mouth of the postern and the door shut, which, 
being loop-holed, permits a fire of musketry to be brought upon 
the assailants. 

96. Posterns are usually from five to nine feet wide, and 
from six to seven feet high at the crown of the arch ; they are 
dosed at each extremity by doors, within which are recesses of 
masonry for stores, &c (fig. 54) : although posterns are only 
intended as secure covered passages for men to pass from the 
inside to the outnde of a work, yet when nine feet wide they 
will admit of light artillery being taken through them and passed 
into the ditch on inclined planks ; and even when narrower, 
guns and their carriages can be passed through wh^a taken to 
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VI. In wet ditches, the posterns lead fiofn the interuNr of 
the rampart to the level of the bridge that crosses &e ditch ; or, 
if the ditch be crossed by boats, to the level of the water. 

98. Posterns are made on the first constmctioa of tlis 
fortress wherever they may be required; the interior earthen 
slope of the rampart is suppressed, and masonry supports tiie 
ndes of the passage leading into the postern ; the vault of whicb 
pasBes through the whole thickness of the rampart, as seen in 
fig. 54 ; the masoniy being, of course, made strong enough to 
resist the pressure that it has to support both laterally and 
vertically. 

W. In a regular front, as fig. 14, the postern in the centre 
of the curtain is indicated by the dotted cross lines, issuing out 
into the main-ditch (at 10) behind the tenaille where the 
defenders are in perfect security, they proceed through the mass 
of the tenaille by the postern shown in its centre by the dotted 
cross lines 11, and then pass through the main*ditch covored by 
the caponniere ; either to ascend by the staircases at the gorge of 
the ravelin, or to proceed by the passages 8, 8 along the foot of 
the demi-gorge walls of the ravelin to the staircases leading into 
the re-entering places of arms : figs. 54 and 55 is a section taken 
on the line 0, 10, 11, of fig. 14. It was through passages of this 
kind that sallies issued in the old fortifications, which obtained 
for them the name oi saUy^ports, by which they are still some- 
times called. 

100. Definition 34, paragraphs 64 and 65, give ev^ 
necessary detail respecting caponnieres. 

101. On staircases very little need now be said, as their 
situation, tracing, and dimensions, are laid down in paragraphs 
869 87, and 88 ; they should always have a sufficient slope to 
make it ea^ to pass up and down quickly. Staircases are, in 
many cases, carried down within six feet of the bottom of the 
ditch, and temporary wooden steps are used to reach the bottom : 
these are removed at pleasure to render it difficult for an enemy 
to enter a work by the gorge should he succeed in getting into 
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the ditch. Staiicaads are objected to from the poasibility of theit 
being gfeatly injured or destroyed daring a siege by shells fell- 
ing, and bursting upon them; which likewise causes many 
qilinteis : and it is difficult to repair or restore the communica- 
tion doting the arduous occupations of a si^pe. 

102. RampSy being long, broad earthen slopes, as described 
in paragraph 89, are most useful and convenient communica- 
tions ; easily repaired if injured by shells during a siege. 

103. As, in the interior slopes of ramparts, ramps are for 
the use and transport of artillery, &c, they should be sufficiently 
gentle and broad to permit the guns to be run up and down with 
ease and safety : and as this labour augments with an increase 
of height, ramps in high ramparts are proportionally longer than 
in low ramparts. Theoretical writers average the length of 
ramps at about ten times their height. 

104. As the ramparts in the outworks are lower than those 
of the enceinte ; and as the guns on the former are usually of a 
less calibre than on the latter, their ramps are neither so long nor 
so broad as those of the body of the place. 

105. Ramps are made at the gorges of the ramparts of fell 
bastions ; in the flanks of empty bastions, and in the gorges of 
the ramparts of ravelins as seen in fig. 14 ; they are also made 
in the crest of the glacis for the exit of sorties ; their tracing is 
such as to prevent their being enfiladed as in fig. 14 ; they are 
usually thirty feet long, twelve feet broad, and are closed by 
barrier gates of palisades. 

106. Although the interior slopes of ramparts can be ascen- 
ded and descended as they are only natural slopes of 45°, yet 
they are too steep for easy or common communications ; and 
staircases are sometimes made in the centres of the curtains (as 
in fig. 14,) to assist in case of need ; but in general the ramps 
are sufficient for all needful purposes. 

107. It has been recommended to substitute ramps for stair- 
cases wherever it can be done ; and a sufficient space for their 
construction is, in general, the only obstacle to its being done : 
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for inttance, in the modem s^rstem fig. 210, where the eoimter* 
scarp of the redoubts of the ravelins and of re-entering places of 
arms admit of the construction, ramps are prefenred to staiicaaes. 
108. Lastly; Safe and assured communications b e twe a i 
the different works, and especially between the encemle sod 
the outworks, are of the first importance. It is absdntely 
necessary for the good defence of a woriL that there should be the 
means of succouring it by reinforcements through safe and am« 
venient passages ; ofrdievingthe troops on duty; of withdraw- 
ing them in safety when they can resist no longer, &cc. : and this 
can only be done by a sufficient number of the oommunicaticiis 
described above : they are therefore indispensable ; not only as 
they affect the actual means of resistance, but also from tbe influ- 
ence they have on the moral feeling of the soldier ; who perfonss 
his duty with a much greater degree of confidence and cheerfel* 
nesB when assured of aid, or of a safe retreat if overpowered. 



CHAPTER V. 

On relief and command ; on ditches. 

109. From definition 10, it follows, that however important 
it may be to dispose the tracing of the works of a fortification 
so that their reciprocal defence may not interfere with their 
general effect upon the country ; it is of no less importance to 
determine the relief which provides for that elevation of the 
works that is best suited for ensuring the full eflfect of their fire 
for all the purposes desired. 

110. The relief is generally determined by means of 
profiles (definition 10) ; and it b said that a place is well 
profiled when the works cover and defend each other without 
injury to their particular command over the country. 

111. In considering this subject, the pupil is reminded diat 
the works are still supposed to be constructed on a horizontal 
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{4ane; the intricaciei of oonstmction, in cases of irreg^ular sites 
or the Deighbourhood of hills, are explained from paragni|^d29 
to 351. 

112. In profiling the works of a fbrtress, the following 
principles should be kept in Tiew. 

Firstly. That all parts of the snmmnding country, within 
the range of the artiUeiy and musketry of the defences, should 
be seen and exposed to their fire. 

Secondly. That an enemy firom without should not be able 
to see any part of the works. 

Thirdly. That no part of the rer^tements should be seen 
by an enemy till he has worked up to the crest of the glacis. 

Fourthly. That all the works progressively increase in 
height as they iqiproach the body of the place. 

The fint principle has been estaUished in order that an 
enemy may not get cover from natural obstacles within range of 
the defensive weapons ; to oblige him to begin the works for the 
siege at a considerable distance ; and that he may be fiilly 
exposed to the fire of the place as he progresses towards it. 
The second principle shows that an enemy must not have it in 
his power, while yet at a distance, to drive the defenders from 
their works : its application to works, within the range of heights 
which an enemy can poness, ferms the subject of defilement. 
The third principle is to oblige the enemy to bring his battering 
train of guns to the crest of the glacis; as, till then, he cannot 
aee the scarp rev^tements to form breaches fit for assault. The 
fourth shows that when an enemy gets possession of the works 
in succession, beginning with the outermost and lowest, those 
that remain^ being more devated, can bring a fire upon the 
ci^itured works ; either to drive an enemy out of, or to disturb 
his lodgment in, them. The tenaille b an exception to this 
rule, for reasons stated in. paragraphs 62 and 117. 

113. In the application of these leading principles, they 
must be subservient to the promotion of the great objects of the 
tHM^ingand the uses of the works^ as stated firom paragraph 45 
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to 71; and also to ensure the lull eflfect of the defennve 

weapons. 

114. In the first place : to determine the proper conunaiid 
fx the enceinte over the country ; let «!, fig. 14, be about die 
position of the enemy's third parallel, (or his last trench ere 
he begins to push his works up the glacis) : and let a section on 
the line nr « be represented by fig. 15 ; the horizontal distances 
in both figures being represented by the same letters nrs: it is 
required to know how high the gun at n, fig. 14, should be in 
embrasure, to permit it to fire upon the enemy's trenches at $, 
without injury to the musketiy defenders on the covered-way at 
r. The horizontal distances in the two fig. 14 and 15 are as 
follows: «r=three hundred feet; «n=four hundred and fifty 
feet : the crest of the glacis in fig. 15 is eight feet high (that is 
rz=:eight feet) and if the line yqs be supposed to represent 
the track of a shot fired from the gun y at the trench s, and to pass 
dear of the crest x of the glacis by four feet ; then r g=twelve 
feet. Now there are two similar right angled triangles in ^. 15^ 
viz. srq and sny, of which the two bases and one perpendicolar 
are given, to find the remaining perpendicular ny^ which is done 
by the following simple proportion : 

$r :sn: :rq : ny; or SOO-ft. : 450-fi. : : 12-ft. : 18-ft. 
but a gun in embrasure is at least four feet and a half below the 
crest ; therefore, to obtain the fiill command of the woric, four feet 
and a half must be added to the eighteen feet found, which gives 
twenty-two feet and a half for the conunand of the enceinte over 
the country ; and fourteen feet and a half, for its command over 
the crest of the glads. Thus is the command of the enceinte 
determined : but it is plain that if the tradng varies firom that 
here laid down, the result of the proportion will do so likewise; 
if, for instance, the ditch be wider than fifteen toises, the base of 
the triangle sny fig. 15 will be greater, which will augpnent the 
second term of the proportion and produce a greater result ; or, 
in any words the enceinte will be higher. A covered-way wider 
than thirty feet would also increase the height of the enceinte: 
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ind if the crest of the glacis were made higher than here statedi 
80 as to increase the third torm of the proportion, the result would 
still increase the height of the enceinte. A tracing that woold 
pvodnce the converse of the above, would, of course, permit the 
enceinte to be made lower. It is now easily seen why the ravelin 
can be made lower than the enceinte and still maintain a saf6« 
dent height over the crest of the glads to act upon the enemy's 
wcffks ; since, by the narrowness of the ditch of the ravelin, 
the distance between its crest and that of the glacis is thirty or 
forty feet less than between the crests of the fiices of the bastion 
and glacis : for the command of the ravelin is detennined in a 
like manner to that detailed above fiir the enceinte : and, if the 
artiUeiy cm the faces of the bastions and ravelins can thus clear 
the crest of the glacis when their fire is directed upon the nearest 
trenches, they can of oomrse act upon all beyond them ; and, in 
proporticm as the object fired at is distant, the track of the shot 
will be more and more above the crest of the glacis. 

115* Although the foregoing arrangement is drawn from 
Vanban's works and the opinions of those who have followed 
him, yet it is not to be expected that the musketry defenders can 
man the whole of the banquette of the covered-way, and be in 
security from the shot of their own guns, that would absolutely 
graze their heads when firing at the enemy's third parallel. 
To permit both parties to act freely by their fire upon the foot of 
the glads, the crest of the advanced work should be at least eight 
feet below the track of the shot fiying over it, that the defendeis 
behind it may be quite safe : if this were carried into effect, it 
would alter the third term of the proportion, at fig. 15, to sixteen 
feet; and produce the enormous remblai (definition 96) at 
twraity-eight feet and a half for the command of the enceinte 
over the country ; a result, too, that would greatly interfere with 
many of the prindples of tradng already detailed; (as fer 
example, with that of the length of the curtain at paragraph 26). 
Nevertheless, if such portions of the banquette of the covered- 
way, as do not immediately lie under the range of the artillery 
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on the main wofrks, (audi as the places of arms), be fimished 
with a mnsketiy fire, and if the service of the guns be earefiillf 
carried on, these two arms can act thus partiallj and efficiently 
together upon all the enemy's approaches. 

116. It woold therefore appear from the last paragnph, 
tiiat as the artillery and nuudLetry cannot ahvaja net sinM ii" 
taneouriy, and as, on some occasions, it becomes necessary for the 
moAi&tgy to descend from their banquettes and lie down in the 
covered-way, that it is possible to do with such a height «f 
enodinte as wiU permit the guns in embrasure just to dear the 
top of the palisades of the covered-way, when the shot is dareded 
at the enemy's third parallel : and some writera recomownd this 
fire as being moie destructive, as grazing along the suifiice of 
the ground ; while shot fired from higher works, being men 
phmging, bury themselves in the spot they strike, and do no 
fiirther damage : advocates for the grazing fire would Uont the 
command of the enceinte to seventeen feet over the ooiuitry» and 
une or ten feet over the crest of the glacis. More generally, 
however, a plunging Jire is preferred ; since a shot fired upon the 
enemy's trenches firom a height, cuts more deeply through the 
crests of his parapets and obliges him to iKighten them or 
deepen his trenches in the rear, in order to obtain soffideat 
cover; the loss and delay of which is of more oonseq^oence to 
the defenders than the imagined destruction of a grazing date 
fipom a work a few feet lower : besides, low works are mmm easily 
esifiladed than high ones : those who prefer the latter recommend 
the crest of the enceinte to be made twenty-five feet above the 
country. This would, however, greatly increase the renbiai, 
and interfere with the principles of tradng already laid dawa» 
without giving a corresponding advantage fer such sacrifices. 
A medium, therefore, of twenty-two feet is about the standard 
followed by Yauban and other ei^ineers of experienoe, as it 
permits both the musketry on the covered-way, and artfllay 
batteries in its rear, to act together in a great measure. 
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Ciicamstaiiceiy howerer, mtj perfectly jatdfy a departm 
fironi this rale ; for example, a commaiid oi seventeen feet for 
the enceinte of a small front of one hundred and twenty toises 
would be much more sidtabley and hannonize much more with 
tiie tracings than a command of twenty-two feet. 

117. At the end of paragraph 11% it is said that the 
tenaille is an exception to the ibarth principle therein laid 
down; tiiat is, all the works of a regular front progressivdy 
increase in height as they approach the enceinte, except the 
tenaille. The pupil must here refer to paragraphs 62, 63, and 
64, and be acquainted with the nses of the tenaille, ere he can 
purane the following principle for regulating its relief. 

When the enemy gains the crest of the glacis, and there 
establishes his counter and breaching batteries, he will have one 
on the space/f, fig. 14, which will command the ditch of the 
ravelin immediately before it, and throogh which opening he 
can form a breach in the foce of the bastion near the shoulder angle 
at &a ; and, as there is no other part of the enceinte, save the 
foces, of the bastions that can have practicable breaches made in 
them, that made at kk will be the nearest to the fiank tn that 
can be formed ; and if the battery on m can bear on the bottom 
of the ditch before &, it will, of course, command the main-ditch 
all the way up from k to the rounding of the counterscarp. Now 
the rriief of the tenaille must not be iiermitted to int^ere with 
this fire from the flank ; in odier words, a shot fired firom a gun 
(m) in embrasure must dear the crest of the tenaille by four feet* 

In this tracii^ (fig. 14) the horizonta] distance A«i=five 
hundred and four feet, and AZzrthree hundred and forQr-eight 
feet; the vertical height of a gun at m above the level of the 
main-ditch is forty feet ; (for here the crest of the enceinte is 
twenty-two feet and a half above, and the bottom of the ditch is 
twenty-two feet below, the ground line, as seen in fig. 13, making 
a total r^ef of forty-four feet and a half for the enceinte; firom 

which take four feet and a half for the axis of the gun in 
embrasure atm bebw the crest). Let these distances be laid 
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down as in fig.l5» B> in the right angled nmilar triangles kmik 
and kit; mtd being the vertical height of forty feet, and the 
horizontal distances agreeing with the corresponding letters in 
fig. 14 : the line fk k will represent the flight of a shot fired from 
the gun m to the bottom of the ditch k ; and Z is the point in 
this flight directly over the tenaille: it is thoi required to find the 
height 11^ and from it to deduct four feet, for the rdiefof the 
tenaille at this f^ot ; this is done by the following proportion: 
kmikl: imAiil; or 504: 348: : 40 : 27}— 4=28|; 
or Ix the relief of the tenaille. 

118. In appljring the obserrations at the end of paragraph 
1 14 to the position of the flank and of the tenaille, it is seen by 
fig. 14 that the crest of the latter is continually receding from 
that of the former, on the line mk: therefore, although the ter 
guns from m to the shoulder angle have a full dear view of die 
bottom of the ditch at k k^ the other four guns from m to the 
curtain angle are masked to a certain degree by the left fiice of 
the tenaille ; and it is only by directing their fire over its right &oe 
that they can strike the bottom of the main-ditch near die 
required part : nevertheless, when it is considered that the breadi 
is a slope of rubbish from the bottom of the ditch upwards; and 
that guns on the flank m can be depressed lower than is illustrated 
by fig. 15, B, so as to graze the crest of the tenaille, (as the 
dotted line mx, fig. 15, B, indicates), it shows that this mode of 
determining the relief of the tenaille ensures the full action of 
the flank of the bastion upon the main-ditch before the &oe of 
the next bastion. The construction of the tenaille represented 
on the left front of fig. 25 is more fitvourable for the gnns on the 
flanks of the bastions to see into the ditch than the plain tenaille 
in fig. 14. 

119. In paragraph 64 it is noticed that, in wet ditches, 
there would be a dead space before the angle of the tenaille ; 
now, by the foregoing observations, it would appear that the two 
or three guns near the shoulder of the flank m, fig. 14, would be 
enabled to plunge their fire into nearly the whole of this space ; 
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trnd both flanks thus acting, the undefended part would be 
Teduced to a very small space. 

120. It appears from paragraph 117, that although the 
relief of the tenaille is fixed at twenty-three feet and a half, 
when the tracing is as in ^g, 14, and the relief of the enceinte 
is forty-four feet and a half; yet, a different tracing or relief 
would immediately alter the proportions of the illustrative fig. 
15, B, and produce a different result. In the relief is included 
the depth of the ditch, and every change in it would affect the 
height mm of fig. 15, B; as would also a ditch permanently 
filled with water : for example ; if the ditch in ^g, 14 had eight 
feet depth of water, its surface would be more exposed to the 
^e of the guns upon the flank m than the bottom of the same 
<litch would be when drained of water : in such a case, the hori- 
zontal distances in fig. 15, B would still remain the same, but the 
vertical height mm would be less by eight feet; the proportion 
would then beiui 

504 : 348 : : 31 J : 21{— 4=17}-ft. 
lor the height of the tenaille above the surface of the water ; and 
if to this be added the eight feet below the water line, there will 
'be a total relief of twenty-five feet and three quarters for the 
tenaille, which exceeds that found at paragraph 1 17 in the same 
'ditch, when dry, by two feet and a quarter. Hence shallow and 
wet ditches allow the tenaille to be higher than deep and dry 
ditches. 

The tenaille with flanks, as seen on the left front of ^g. 25, 
would, in most cases, give a greater result for the relief of this 
work ; which would be of advantage in covering the rev^tements 
of the enceinte more completely from the enemy's view. 
(Paragraph 62). 

121. Such other parts of this subject as are not here parti- 
cularly specified, are treated ^f elsewhere under more suitaUe 
heads ; the relief of works, for example, involves in it the height 
of rev^tements, but it is considered more proper to place every 
thing on the subject of rev^tements under a distinct head* 

F 
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On Ditdus. 

122. When the soil in which the ditdMt «re flxcavtted, w 
of a nature that is suited fer the constniction of the rampai^ mad 
parapets ; the general capacity of the ditches will then dqiend 
upon the quantity of earth required for these defensiTe m amoB , 
And in the first instance, to suppose that the soil is of this natnTe, 
will be the simplest way of estimating the dimenmons proper fyt 

ditches. 

123. The quantity of earth required, can be piocnred, 
^ther by making the ditches broad and shallow, or narrow and 
deep: and to examine how far these two modes afiect ihe 
j^rinciples of relief and tracing already laid down, let fig* 14 
represent Yauban's first system: and suppose that the main- 
<litch, instead of being of the width and depUi hitherto named, 
furnished the same quantity of soil by being made broader and 
shallower; for instance, let the breadth be increased at the 
rounding of the counterscarp to twenty teises ; and for the toil 
thus obtained, let there be a corresponding lessening of the 
depth; suppose it to be eighteen instead of twenty-two feet 
deep. The first effect of this would be to lessen the height of 
the rcv^tements by four feet ; which would make the scarp walk 
of the enceinte and ravelin, twenty-six instead of thirty feet 
high ; and therefore render them more liable to be carried by 
escalade on a sudden assault, (paragraph 178). 

124. The second effect would be to render the enemy^s 
lodgment on the crest of the glacis more formidable, as it would 
give him more space (a 6 fig. 14) for the estaUishment of his 
counterbatteries against the opposite flanks of the bastions ; and 
render it more easy for him to overpower than (paragragh ^)» 
The third eflfect is to remove the crest of the glacis farther firom 
the crest of the enceinte, and thereby (according to the principle 
of relief laid down in paragraph 114), to cause an increased 
command for the latter over the former, whidi in the construction. 
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would eiriail thd ezpenditme of time, soil, tod labour. Th^M 
three efl^ts are so many argumeiits against widening the ditch, 
and giving it less depth ; besides whleh, shallow ditches ensure 
to the enemy's breaching batteries bh the crest of the glacis, a 
lull Tiew of the whole scarp reT^temebt, even to its foot 
(paragraph 9) ; and lastly, if the main-ditdh be of a less depth 
than twenty«two feet below the plane of site, there will be no 
necessity for making the cmiain seventy-three toises long 
(paragraph 26) ; and, if shortened to the length required for the 
prc^r defendEt of the ditch, the flanks of the bastions (already 
too short for a wide ditch) become still shorter ; the faces of the 
basti<ms longer; and a total change may be effected in tbe 
tracing, to its great prejudice, 

ltt5. Ode advantage alone is gained by Widening the ditch, 
which is, that it Increases the labour of one of the enemy's last 
operations in the attack, that of constructing a passage aci^oss it, 
which, in wet ditches, is an arduous and tditsomc work ; and 
hence it is that it is recoknmended to make wet Wider ttian dry 
ditches. 

126. Now the effbct of a contrary proceeding, viz. that of 
Obtaining the earth required, by making the ditch deeper atid 
narrower than the dimensions hitherto laid down, is alsb to 
interfere with the principles of construction detailed in (he fore- 
going pan of this work; although the evils resulting from it, 
(when not carried too far) are not so {Prejudicial to the defences^ 
as in the case of broad and shallow ditches : for the cfieds ai^^ 
of course, coilverse: in the first pldce, the re\^tements ai^ 
heightened and thereby rendered mbre difficult of access : thig 
space on the crest of the glacis for the establishment of the 
enemy's counterbattery against the flatiks of the bastions is moti^ 
lestricted ; and it may be eveii necesssary for him to descend 
into the covered-way and to cotistritct his breaching batteries 
there, that he may see the rev^tements siifficiently low down to 
make a breach, as fhmi the ciest of the glacis he may not be able 
to do so : this Will greatly augment his labour and oohjpy his 

f2 
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time (paragraph 50) : bat although these are positive advantages 
arising from deepening the ditcb, yet in order that a deep main- 
ditch may be properly flanked, the curtain must be increased 
in lengthy which immediately affects the flanks, making them 
longer, and shortening the faces of the bastions: this would 
entirely interfere with the tracing which, as has been shown, is 
most suited to the enceinte; it would affect the shape of the 
ravelin by making it spread more to the rear : and in the relief, 
it would permit the command of the enceinte and of the ravelin 
over the covered-way, to be less : tbe relief of the tenaille is 
always affected by the depth of the ditch (paragraph 120) : and 
lastly, in a narrow ditch the rubbish that falls from the formation 
of a breach would stretch across the bottom of it and form a 
rough parapet in a dry ditch, or a rough causeway in a wet 
ditch ; which in either case would greatly assist the besieger : to 
prevent this last evil, it is a rule that the ditch is always to have 
a width of at least once and half the height of the work. 

127. From the above sketch of the effects of altering the 
dimensions of ditches on a regular front, it appears that less evil 
would accrue to the defences by ditches being made rather deep 
and narrow than the reverse: but although this applies in 
common cases, it may be impossible to adhere to the desired 
medium between them, under the circumstances of rocky» 
swampy, or sandy soils ; the materials excavated from which are 
not only unfit to enter into the construction of ramparts and 
parapets ; but the ground itself requires great labour and expense 
to work in. Yet however bad the soil may be, it is consolidated 
by a careful construction and by time, while the light parapets 
and trenches of the besieger are worked under every disadvantage 
in such soils ; and exposed to a fire while under construction. 

128. It is not here meant that deep broad ditches are not 
more formidable obstacles for the assailant to overcome than the 
moderate ones spoken of in a regular front on a horizontal plane ; 
but however deep and broad a ditch may be, it should be perfectly 
flanked, that the enemy's miner may not be able to attach himself 
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to the walls and destroy them by the explosion of mines ; and, in 
no case, should the general good arrangement of the works be 
sacrificed to obtain a formidable ditch. 

129. The next point to enter upon is the kind of ditch best 
suited for defence : that is, the consideration of wet ditches, dry 
ditches, or those, that by well managed currents of water, can be 
made wet or dry at pleasure. 

190. If a ditch be permanently wet it can only be crossed 
by bridges or boats ; and so long as an enemy is at a distance 
the communication between the place and the outworks can be 
kept up with tolerable ease and security ; but from the moment 
that he establishes himself on the crest of the glacis, his batteries 
will command all the ditches ; the bridges are swept away by 
his fire ; and every attempt to cross must be under his view by 
day, or within his hearing by night; thus the defenders are 
deprived of the means of succouring the outworks in the time of 
need ; and the consequent effects upon their defence are so 
prejudicial, (paragraph 107) that some engineers object to 
permanently wet ditches, except in swampy ground (where it 
cannot well be avoided), or when a fortress from having low or 
defective rev^tements, which may offer an inducement to the 
enterprise of an enemy to attempt to carry it by surprise and 
escalade ; more particularly if the garrison be inefficient either 
from the quality or number of the troops ; in this case a wet 
ditch serves to secure the place from a coup-de-main. Wet 
ditches also augment the labour of the besiegers in constructing 
bridges or causeways across them at the end of the siege, to 
connect the breaches to the counterscarps. 

131. If the ditches of a fortress be permanently dry, then 
the important object of a safe communication between the 
enceinte and the outworks, is secured by means of posterns and 
caponnieres (paragraph 04 to 99 and 108) ; which gives vigour 
to the defence and keeps the enemy from the main enclosure as 
long as possible. 
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ld2. If tliQ situation of the foiiress admits of the ditched 
\mng filled with water at pleasure, there is no doubt that m 
preference should be given to thus combining the advantage of 
the wet and dry ^tch : and horn what has been said (in 
ppuragraph 22) on the general site of fortresses, it is not uneommo» 
to be able to secure these objects r since the flowing and ebbing' 
of the tide on the sea-coast, or its influence on the rirers on whiolt 
fturtifications are so generally constructed, renders such a mean» 
rf defence available. The batardeaux (definition 35) should ber 
fonatructed in situations where the enemy's batteries cannot 
reach them, for if exposed to his fire, these barriers and th^ 
duices would be destroyed, and the ditches made either per- 
manently wet ; or, if affected by the tide, the enemy would always 
know when they were passable. But if the batardeaux and 
sluices remain uninjured, the besieged may keep the dftches dry 
as long as the outworks can be defended, and inundate them to 
increase the difficulty of the enemy's passage across; which may 
also bo swept away, or retarded by well managed currents of 

water* 

133. Ditches have sometimes been made on diflfetenl 
levels : the main-ditch being deepest, and those of the outworks 
shallowest : the objects to be gained by this are as follows : first 
that, should an enemy get into the ditch of one work, he shall 
have difficulty in communicating to that of another : for instance, 
in Vauban's first system fig. 14 : if an enemy succeeded in 
getting into the ditch of the ravelin, he will have a scarp 
lev^tement of thirty foot high to surmount to get within the 
work ; but if he pass round the extremity of the fiiee and get to 
the lowest part of the gorge wall, he will have only a height of 
nineteen feet* Now, if the bottom of the main-Kiitch be six 
or seven foet lower than that of the ravelin, this conld iy>t be 
done without delay and difficulty : (the defenders communicate 
by temporary wooden stairs to be removed at pbaanre). 
Secondly, in passing along the bottom of the main-dilch from 
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Uie gofge of tiie xavelin to Uie stair-cases in the re-entering 
places of arms, the defenders trayerse the open space where the 
ditch of the ravelin unites to the main-ditch : if the two ditches 
be ona levels the enemy's batteries on the crest of the gluds^ 
comDHind tibis space ; bat if the main-ditch be six feet deepet 
than the diteh of the ravdin, this qMtee can be safelj passed by 
keeping dose to the retaining waU, even ahhough the enewy 
povesa the crest of the covered-way bef<»e the raiveH». T» 
secnre these two adirantages, there must be at least a difl^xeace 
of level of six feet between the ditches* The appHcation of 
these principles in the modem system gives the depths of the 
ditches below the level of the ground, as follows: see fig. 211. 

Main^tch • 24 feet 

Ditch of the ravelin ••«» •••••*•• 18 

Ditch of the redoubt of the ravelin • • • • 6 

Ditch of the sedoubt in the re-entemng place of 

anas ••••• %« • 8 

Ditch of the cavalier • • • i. (on the k^ of the ground). 
134. A description of the rev^tement walk that suppoKt the 
sides of ditches appears to bdong to this part of the subject, Imt 
il has been thought right W treat of the masonry separately, in 
Chapter viii. 



CHAPTER VL 

Faridiet (^tracing in ih$ enpeimle. On retrtnchmenis. 

105. In examining existing foryresscs, it will rarely be 
found that the works ase^ laid out with the regularity described 
in the fi»t part <^ this treatise ; because many places have been 
muck improved by the addition of modem works, or the altera- 
tion of old woriui ; and in othens, old works possessing feir 
drfeosiv^ properties have been permitted to remain ; or modem 
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works have been built from time to time by en^neen differing^ 
in opinion as to the value of certain constructions. It would 
therefore be as impossible as it would be unprofitable to enter 
upon the examination of the great variety of tracing and delaila 
of construction to be met with in practice, differing from the 
principles explained in the first of this treatise : many of them 
being most judicious as suited to localities and circumstances^ 
and others having their origin before Vauban's time: botsucb 
as are to be commonly seen in the fortresses of our day in the 
enceinte, will be considered under the following heads.^ 
1 • Tlie fausse braie 

2. The double flank. 

3. The orillon and retired flank. 

4. The chemin des rondes. 

5. Cavaliers. 

136. The fausse braie is a kind of second enceinte ; it is 
represented in profile in fig. 17 and in plan in fig. IG ; by which 
it is seen, that instead of one scarp rev^tement, the height ab 
fig. 17, is broken into two parts, with a lower terre-pleine (the 
fausse-braie) and its parapet : its object is to obtain a double 
fire from the enceinte : and, su|^sing a front to be without a 
covered- way, the fausse-braie would serve to bring a second 
line of fire both of cannon and musketry upon the country; and 
it is presumed that this work was invented and brought into 
use before the introduction of the far more valuable construction 
of the covered-way, which has completely neutralized the effects 
of the fausse-braie : for as the terre-pleines of these two works 
are on the same level and the crests of their parapets in the same 
plane of defilement, it is clear that the defenders in the fausse- 
braie cannot see the enemy till he arrives on the crest of the 
glacis, and that their musketry fire cannot retard, or act upon 
his distant approaches ; and, if artillery be used in the fausse- 
braie, its horizontal fire (definition 6) cannot come into operation 
till the enemy is forming his lodgment on the crest of the glacis : 
therefore, whatever may have been the value of this work in the 
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early stages of shot proof ramparts and parapets, it is quite 
inapplicable to a front furnished with, and covered by a glacis: 
besides which it has the following defifcts. 

Id7« Firstly. The rev^tement (which has hitherto been 
considered as thirty feet high) is broken into two parts ; and 
since the terre-pleine of the iausse-braie is on the plane of site, 
the lower scarp rev^tement is only twenty-two feet in height 
and escalade is rendered thereby more easy. Secondly. When 
the enemy has surmoonted this lower rey^tement and reached the 
terre-pleine of the feusse-braie, he has it in his power to circulate 
round the work to seek for embrasures or small breaches (previ- 
ously made by his batteries) to enter at several points at the same 
time. Thirdly. As the enemy's guns (cccc) on his lodgment 
on the crest of the glacis (fig. IG) are higher than the terre-pleine 
of the £iusse-braie by three or four feet, there would be no 
difficulty in their enfilading the fkces and flanks of the bastions 
with great effect. Fourthly. The defenders in the terre-pleine 
of the fausse-braie would be greatly disturbed and injured by the 
enemy's shot striking the upper rev^tement and detaching 
splinters of masonry; and the rubbish abo from breaches 
made in it would choke up the passage of the terre-pleine : this 
could indeed be obviated by making the upper rampart and 
parapet with a long exterior slope of earth ; but to do this, the 
whole mass must be thrown some feet inwards all round, which 
would diminish the interior space of the bastion : and considering 
that this space is already contracted by the construction in fig. 16, 
nothing but the obtaining of a decided advantage could justify a 
still further encroachment on this space. A fausse-braie is not 
therefore an approved construction under the circumstances 
hitherto described of a regular front on a horizontal plane having 
a covered-way and glacis. Vauban seeing its defects, suppressed 
it altogether upon the faces and flanks, and by detaching it from 
the curtain, he formed the tenaille in the main-ditch. 

The ftiusse-braie has, however, been recommended in the case 
of a front exposed to the fire of a neighbouring height, as in 



74 

tiiat case, although the lev^temeat woald be lower it would to 
better coirered by the counterscarp from the view of tbo WIL 
Although the fausse-braie baa been represented in fig* 17» «0 
baying its (tire-ipleine on the plane of site, yet in nianjr foilNSBes 
(especially in the native forts in India) it is lower than the laiv«l 
of the ground by several feet : a ooDStructi<m that renders it still 
more objectionable. 

138. The douhk flank has two terre^eiDSS and twi» 
parapets, and is armed with two tien of guns ; it is, io fsuat, the 
fiuisse^raie upon the flank of the bastion, its profile is the same 
(fig«17) ; its plan is seen in figs. i4cp and 16 c2<£: andaHlKMig^a 
slMng fire is thus obtained not only for the defence of the dilehy 
bat also to contend with the enemy's counterbatteiy on the cresl 
of the opposite glacis (paragraph 25), it is considered to be a 
construction more formidable in appearance than in reality : for 
besides the objections already urged against the fimsse-braie, to 
which the double flank is also subject, it would so entvely 
interfere with the principles of the rdief of the tenaille (laid dow» 
at paragraph 117) that this work would have to be altogethet 
aappressed ; or made so low, as no longer to answer its many 
nsefiil purposes, (paragraphs 62—64). Artillerists likewise 
object to serving guns in a lower batteiy so iramediat^y under 
the muzsles of the upper ones ; aa ignited wadding, kc^ issuing 
fitom them, sendi^rs the service of the lower battery dangerous* 

ISOl Tha orilltm and retired flank : this constmction is 
seen in fig. 14; die carve de being tha oriUon; and co the 
retired flank ; before Vauban's time, the flanks weee freqaently 
cot up by very large square orillons ; but he fixed one third of 
the original flank as the length for the orillon, a^d the remaining 
two Uiirds for the retired flank. In paragraph 137 it is said 
that the feusse*braie ia easily enfiladed by the ^lemy, wbick 
objection holds good agaiost the double flaidL ; now if the flank 
CO ^g. 14, be retioed as here represented with this projectiaip 
tower or onllon de, and if the low^ flank or tier of guns be 
constructed in, the space between ec and op, then will they be 
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greatly protected from an enfilade fire by the mass of the orillon } 
for it nittgt be remarked that the upper parf4)et is about fourteen 
feet higher than the lower one, and follows the winding of the 
tracing dtcop: it is piesamed that it was one of the chief uses 
of the orilloA thos to cover the second and lower flank from 
enfilade. 

140. Again, let it be remembered that the object of the 
en^Biy's coonterbattery a 6, fig. 14, is to silence the fire of the 
flank dp : in order that the enemy may cross the ditch h unmo- 
lested by this flanking fire, and assault the face of the bastion; 
which he could not do while the battery on the flank swept the 
ditch by its fire ; but, in order to prevent this flanking defence 
being eiitirely destroyed, Vaiiban conceived, that fiom the 
position of the orillon, one gun might be placed in embrasure at the 
extremity of the flank ^, which could view the whole of the face 
of the bastion opposite (for the line cehu drawn to the flanked 
angle of the centre bastion) without being seen from any part 
of the enemy's counteibatteiy a b ; and that the fire of this single 
gm could be reserved, till the critical moment of the assault, to 
bear in flank upon the enemy. Vauban was also of opinion that 
the curved shape of the retired flank would allow of nearly as 
many gups being placed in embrasure, as in the original straight 
flank. This construction has been very much followed ; but on 
the whole, the angle straight flank is preferred; and the 
feUowing are the objections brought forward against the orillon 
and retired flank. Firstly, that as double flanks are not approved 
of (or the reasons already specified in paragraph 138), the main 
object fbr which the orillon was used, namely, to protect the 
iQwer flank from enfilade, no longer exists. Secondly, that the 
gun hid feom the view of the enemy's oounterbattery at the 
extremity of the retired flank, is not considered as sufficient to 
di9|er ap enemy from risking an assanlt ; besides which, vertical 
fire has been greatly increased since Vauban' s time, and this 
single piece of ordnance would, in all probability, be rendered 
inefficient by the enemy's shells; besides as Sir John Jone» 
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remarks, ** It ought to be received as a general mle, that no 
flank can be formidable to infantry which does not contain at 
least three pieces of ordnance ; and even to render a flank of 
three pieces very destructive, it must be in a situation of tediooa 
approach, or in a work which cannot be run into." Thirdlj, 
that this curved retired flank does not actually g^ve space for so 
powerful a battery as a straight flank; nor is its shape so 
favourable for the forming of embrasures ; while a musketry fire, 
carelessly made from its extremities, would b e apt to injure the 
defenders on the adjoining curtain or ravelin. Fourthly, it 
diminishes the interior space of the bastion. 

141 . The ckemin des rondes is a berm,* from eight to ten 
feet broad ; and asVauban used it in one of his last constructions, 
the fortress of New Brisac, (or as it is called, in this and other 
treatises, Vauban's third S3rstem), it may be supposed that his 
great experience led him to adopt it. Fig. 18, ac, shows the 
chemin des rondes in profile. The object of it is to enable the 
officers on duty at night to go their rounds, (hence its name) to 
observe, more closely, the ditch and covered-way than could be 
done from behind a thick parapet : cuts or passages are made, 
at convenient places, through the parapets, to lead from the 
terre-pleine of the rampart to the chemin des rondes : besides 
permitting a more minute examination, and a stricter guard to 
be kept, this form of construction has also the following 
advantages : Firstly, it permits the defenders to come out to repel 
an escalade, with their bayonets, from the most advantageous 
position : whereas, in the common form, (dg^ 13, &c.) they are 
placed behind thick parapets, over half of which their fixed 
bayonets cannot reach. Secondly, if a breach be made in the 
rev^tement (c&, fig. 18), its fall does not immediately entail that 
of the parapet above, as in the common construction, and a 
practicable breach is, therefore, more difficult to form; for 

* A herm is a level space between the exterior slope of the parapet 
and the top of the scarp : it Is a common construction in field works. 
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sappoee the wall that supports the mass of the rampart to be 
battered down, the rubbish would leave a rough slope db nearly 
parallel to the exterior slope of the parapet ; and the quantity of 
parapet da that would fell in consequence^ would depend upon 
the height of the rev^tement, and the breadth of the chemin des 
Tondes. the broader that the latter is made, the less parapet 
would fidl. Thirdly, as the defensive efforts at the moment of 
assault should be seconded by throwing live shells, grenades, 
and combustibles into the ditch, this can be much more 
eflfectually done from the edge of the scarp wall, on the chemin 
des rondes, than from behind thick parapets ; for the shell, in 
rolling over the parapet, receives a direction and impetus that 
causes it to fall into the ditch in a curve, within which assailants 
are mounting, and are, therefore, comparatively safe. Fourthly, 
a thin wall of masonry, as C5, fig. 18, four or five feet high, 
may be built upon the exterior edge of the scarp rev^tement, 
which, by augmenting the height of a rev^tcment, (already 
supposed to be thirty feet high), renders escalade almost 
impossible ; this wall may be loop-holed for musketry. It is 
true that nearly aU this small wall can be seen from the enemy's 
batteries (because it is above the plane of defilement of the crest 
of the glacis), and can, therefore, be beaten down by their fire 
long before an assault takes place ; but this destruction of the 
wall is only on the two or three fronts commanded and enveloped 
by the enemy's attack ; the other parts of the fortress, which 
must be always strictly watched during a siege, are rendered 
much more secure against an enterprise or escalade, by this 
additional height of scarp. 

142. The chemin des rondes is nevertheless objected to by 
most theoretical writers, and is omitted in the constructions 
usually laid down by them : firstly, because it afibrds a good space 
for an escalading or storming party to form upon after over- 
coming the rev^tement, and by it to pass round the exterior slope 
of the parapet, to enter the work at any part, and thus turn (or 
get in the rear of) any interior retrenchments intended to cut 
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off the bfeadi and prolong the defence. Saeon^, becuiw tiM 
interior space of a work, having a chemin des roodca, is 
diminished by the parapet being thrown in ten feet all round. 

143^ With regard to these two objections, it is admitted 
that the second is quite just ; but it can never Rtand ill tfio mf 
of the many advantages already stated as belonging to this woriu 
The first is a more serious one ; but it is presnmed, that by meini 
of cuts across the chemin des rondes, and obstadea planted aa 
it, that the enemy might readily be ptevented irom circolating, 
at pleasure, round the work to turn the retrenchments. 

In confirmation of the views of Vauban, the following extract 
is taken from Sir John Jones's Sieges in Spain, (vol. i. p. 471). 

** For the better defence of thick parapets, the French alid 
adopt an excellent eSLpedient, which is, to make a cut two or 
three feet wide, parallel to the exterior line of the parapet* at 
about the same distance from it, with occasional commonications 
to the rear. This cut enables the soldier effectually to me his 
bayonet, which is of no service to resist an escalade from behind 
a thick parapet, and also admits of his firing much more diiectly 
into the ditch, with less exposure to himself. It is from these 
cuts that the French throw down, with so much accuracy, the 
immense quantity of grenades and combustibles with which they 
always second their defensive efforts. From these advanced 
€nts they are able to drop them to the very foot of the ladders; 
whereas, from behind a thick parapet, tlie impetus the shed 
receives while rolling over its sarfece, causes it to form a curve 
during its descent, within which the assailants are secure. Such 
M, cut likewise affords the means of forming a double line of 
defence. A few cool brave men are sufficient for the frcmt line, 
find the main body can remain in reserve, sheltered by the 
parapet. This disposition of the troops to sustain an assault, 
cannot but tend to prevent that general cessation of defensive 
efforts which too frequently occurs, on a few of the assailants 
Arcing in at some unguarded point. At Badajoz, many French 
joldiers in these cuts, not aware that the body of defenders had 
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^leg^od the interior of the parapet, continued to fire into the 
ditch after the allies were in possession of the terre-pleine.* 

** All these advantages were gained by the ancient chemins 
des rondesy with the additional benefit of adding to the height of 
the escarp^ at a small expense, and rendering the breach more 
difficult to fiirm, by the parapet being retired its whole breadth. 
As this addition to a front costs little, do the objections urged 
against it justify its omission in all modem fortresses : particu- 
larly when it is considered that Yauban, in his latter days, 
firequently expressed the greatest regret at having omitted it in 
places he had fortified on his new system ? " 

144* CawdUrs do not prop^ly come under the subject of 
changes in the enceinte ; for a cavalier is independent of the 
body of the place ; is constructed within it, and has a command 
over it« This elevated mass usually follows the shape of the 
bastion: and as in figs. 210 and 211 ; which show a i^an and 
sections, of the modem system; there is a cavalier L in the 
centre bastion, its dimensions will be here considered as an 
example of this species of work* 

A cavalier is intended to carry a battery of heavy artilleiy, 
either to strengthen the fronts in its vicinity ; to contend with 
any local advantageous position the enemy may occupy within 
its range; or, to lo<^ into any ravines and hollows whicli the 
general height of the enceinte does not enable it to do: a 
cavalier therefore must be always placed in the situation best 
suited for its intended purpose ; and that may be, in rear of the 

* ** IndMd in the ardour and ezeiteroent of a determined retisttnce, 
brave men are freqaently so occupied with their own efforts, as to be 
insensible to any thing passing at the smallest distance. At the assault 
of the lunette of St. Roque, which was carried by escalade at the gorge, 
whilst menaced and fired upon in front, the otRcer with the ladders 
(Lieatenant Wright) was obliged, in going ronnd to the fkces, to strike 
several of the defenders with the fiat part of his sword, to make then 
aware that the work was carried.'* 
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curtain, especially on a front witiiout a ravelin : but on a fbll 
front, the bastion offers the best position for the cavalier, as, if 
it have a proper command, there is nothing to mask its efficient 
fire upon the country, and in support of the other works. 

By fig. 211, which gives the profiles of the modem Sjrstem, 
the cavalier has a command over the country of thirty-one feet ; 
and over the bastion, of nine feet ; here the distance from the creat 
of the bastion to that of the cavalier is one hundred and two feet ; 
and it is this that determines the elevation of the cavalier (on Uie 
principles detailed at the end of paragraph 114) so that the fiices 
of the bastion may not interfere with the full effects of its fire 
upon the surrounding country: by figs. 210 and 211, it is seen 
that the faces of the cavalier have a rev^ted ditch of thirty feet 
wide, which is turned into a retrenchment (paragraph 146) by 
the cuts made across the terre-pleine of the rampart, but this is 
not the case with all cavaliers ; they generally terminate by a 
long exterior slope upon the terre-pleine of the rampart of the 
bastion, and thereby either give greater space to this terre- 
pleine, or by being brought nearer to the faces of the bastion, 
the command of the cavalier may be made less. 

As a cavalier occupies so much of the interior space of a 
bastion, it greatly cramps the movements of the defenders on 
this important work, and does not admit of room for strong 
defensive efforts on the assault ; for which purpose a large full 
bastion is preferable to a cavalier ; as its terre-pleine can be cut 
up with retrenchments as thought proper and there is space to 
meet the assault with a large front of troops. Cavaliers in 
bastions present their masses to the assailant's batteries in parallel 
lines to the faces and flanks of the bastions, by which both works 
can be enfiladed from the same batteries, and a breach made in 
the cavalier through the opening of that in the bastion. A 
cavalier, however, greatly protects the neighbouring curtains 
from enfilade and ricochet, as by its elevation it is a kind of great 
traverse at their extremities. 
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Means of tnereadng the strength of fortresses. 

145. Different means have been adopted to increase the 
strength of regular fronts; by adding extra outworks, and 
advanced works, which the enemy must seize before he attacks 
the ravelins and bastions ; also by the construction of interior 
retrenchments and double enceintes: by mines, casemated 
battel ies, inundations, &c. ; and each of these has its respective 
advantages, when suitably applied: for instance, advanced 
works, (above all detached forts in a state fit to defend 
themselves) prevent a bombardment by forcing the enemy to 
begin his works beyond the range of his mortars : they give the 
besieged the command of a great extent of ground without the 
place, upon which to manoeuvre and fight to advantage; and 
thus to retard the critical period of opening the breach : and, 
under favour of such a position, an entire army can find refuge, 
and establish a fortified camp (paragraph 100). Interior 
retrenchments, on the contrary, have no influence on distant 
operations ; and merely augment the value of the works, in which 
they are made, by cutting off or isolating the breach, and 
enabling the defenders to struggle against an enemy possessing 
it ; mines are formidable means in the hands of both parties : 
casemated batteries under favourable circumstances are of much 
importance; and inundations are most useful for defensive 
purposes when they can be formed. Each of these subjects will 
be considered as far as the limits of the treatise will permit under 
the heads of 

1. Retrenchments. 

2. Extra outworks. 
3« Advanced works. 

4. Detached wotks, retrenched camps, and citadels. 

5. Casemates. 

6. Mines. 

7. Inundations and manoeuvres of water. 

G 
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149. Both these, however, cut up much of the valuable 
interior space, cramp the defensive efforts, and interfere with 
the active service of the bastion: although those portions of the 
parapets and ditches of the retrenchments that unite the shoulder 
angles, should not be finished till near the time of assault, that 
that there maj be as much free use of the bastion as possible. 

The cavalier retrenchment has especially the disadvantages 
just named, of contracting and cutting up the interior space of 
the bastions, and preventing any thing like repelling the assault 
by meeting the enemy on a bold and great front. 

150. Fig. 21 is the retrenchment d la gorge : it g^ves a 
more free use of the bastion than the foregoing three modes ; and 
it is easily constructed ; the extremities being completed at the 
very last, and the ditches opened through the scarp rev^tements 
at e and c2, that it may receive a flanking defence from the 
artillery of the flanks of the adjoining bastions. 

151. In fig. 21 , it may be seen that an enemy in possession 
of the covered- way can establish a battery at/, which, by firing 
through the troupe of the tenaille, (or the opening t of four toises 
between the flank and the tenaille) , can beat down the rev^te- 
ment at Ar, near the curtain angle, and form a breach ; and if the 
ditches be dry, he can run a sap along the bottom of them, as 
Zf z, z, to lead a party to the assault of this smaller breach ik, while 
the main one, in the face of the bastion, is attacked ; and, by 
this, turn every retrenchment that can be made between the gorge 
and the flanked angle. Objections have, in consequence, been 
raised to all the foregoing retrenchments, as being liable to be 
turned by breaches thus made near the curtain angles ; and that 
nothing offers a security but a front altogether within these 
points, as on the line ml, fig. 21. This would, however, in 
nearly every case, entail an immense labour; for the tracing of 
such a front mropsl would fall within the rampart ; and, to raise 
it to a height suflicient to command the terre-pleine of the 
rampart, would occupy time and labour that could not be given 
during a siege. Besides which, the tenaille affords good cover 
for defensive purposes in the ditch, by issuing through the 
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postern of the cuitaiii; for remoTing the rubbish of the small 
breach k by night ; for preventing the completion of the sap 
2zz; or for taking an assaulting party in flank; that, to permit 
such a breach to be stormed on a regular front would argue great 
want of energy on the part of the defenders. And, in a system 
with great ravelins, as fig. 210, the faces of which spread to the 
rear and cover the trou^ of the tenaille, such small breaches 
could scarcely be made ; especially in the modem 83rstem, where 
(from all the rev^tements being perpendicular in front) the 
troupe of the tenaille is but two toises wide. The methods, 
therefore, of retrenching already described are, under all circum- 
stances, the best that have been used, especially the gorge 
retrebchment in fig. 20. 

152. To communicate in these retrenchments, posterns 
under the parapets, of temporary wood-work, like a gallery of 
mine, is one method : and another more common method is by 
narrow cuts through the parapets and slight bridges over the 
ditches, (as seen attttf figs. 19, 20, 21), defended by traverses, 
and covered in front by a Uttle close palisading, to give cover to 
a few riflemen. , 

153. Every means should be used to render the retrenchment 
formidable : if the ditches be unflanked, their sides should meet 
at an angle at the bottom ; or, the bottom should be so narrow as 
not to admit of a resting place or formation on it (see fig. 154). 
Chevaux-de-frise, iron crows-feet, harrows, &c. should be fixed 
in the ditch and on its sides, and, if possible, upon the summit 
and on the sides of the breach itself. Small mines should 
be prepared to blow away the rubbish of the breach at the 
moment of assault, so as to make it difficult and, if possible, 
impracticable to mount ; mines also to blow away the whole 
mass of the breach on the assailants gaining its summit ; and 
small mines or fougasses to aid in the defence of the retrench- 
ment : there should be an abundant supply of grenades, live 
shells, and combustibles, to shower into the ditch at the moment 
of assault. If the bastion be empty or hollow (definition 26), 
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and retrenched by coapures, the interior slope ought to be 
•carped, to preyent their being turned. Sir John Jones, in 
deacribing the storming of the breach at Badajoz, at page 233^ 
▼ol. iy says : '* The rampart behind it was narrow and retained 
by a wall fourteen feet in height, the breach was isolated exactly 
similar to the breach at Ciudad Rodrigo, by a ditch and parapet 
made across the whole breadth of the rampart perpendicular to 
the parapet Consequently, after gaining the summit of the 
breach, the assailants must, by a fresh effort, force over the ditch 
and parapet, or jump down a wall fourteen feet high. The ascent 
of the breach had been covered after dark, on the evening of the 
assault, by harrovrs, extending nearly over its whole surface, and 
a row of chevauX'de-frises formed of extremely well tempered 
sword blades, had been placed along its summit.*' 

Again, in spos^king of the assault of the main breach at 
St. Sebastian, on the 9th of September, 1813, Sir John Jones 
observes : '^ Both officers and men, however, nobly persevered 
in the attempt to close with their opponents ; but it was soon 
discovered that the rampart along the interior of the breach was 
retained by a wall from fifteen to twenty-five feet in depth, at 
the foot of which was arranged every nature of defensive obstacle : 
that all communication along the rampart or parapet by the 
flanks of the breach was cut off, and that the only possibility of 
descending into the town was by means of some portions of the 
walls of the ruined buildings, which, at a few points, united with 
the high retaining wall at the back of the breach : Farther, this 
descent and summit of the breach were closely exposed to a well 
covered fire of musketry from loop-holes formed in the walls of 
the ruined buildings at the back of the breach."* 



* The former assault, that of Badajoz, cost the Duke of WellingtOD*s 
army the heavy loss of fifty-nine ofRcers and seven hundred and forty- 
four men, killed ; two hundred and fifty-eight officers and two thousand 
%\x hundred men, wounded ; and that of St. Sebastian, five hundred killed, 
and one tbouiand five huodred wounded. 
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154. This last observation leads to the consideratioii of 
ilisposiiig the houses in the neighbourhood of the attacked 
bastion, to assist in the defence ; which is to be done by barri- 
cading the streets leading to the breach, and loop-hding the 
several stages or stories of the houses for a musketry fire. In 
some countries, where the houses are of a solid construction, and 
the inhabitants interested in the defence, some splendid instances 
of a prolonged resistance are on record : as that of Saragowa in 
Spain, the defence of which lasted firom the 20th of December, 
1809, to the 20th of February, 1810, the latter twenty-thiee 
da3rs of which, was a war of streets and houses. 

155. The works a 5, fig. 22, are cavaliers to the curtains, 
having fianks which would greatly assist in defendii^ the 
interior of the bastion, and seconding the retrenchment 4 la 
gorge in this figure : the curtain cavalier could be constructed 
entirely of earth, but, by rev^ting it, considerable space may be 
saved ; and as it is so far removed from the faces of the bastions, it 
would probaUy require to have a command of twelve or fifteen feet 
over the enceinte. From its position and elevation, the batteries 
on it would be difficult to disturb by enfilade or ricochet : and 
it afibrds excellent means of constructing casemated cover 
(paragraph 202), as is seen at 6, where the size of the apartments 
are shown by their piers. 

156. Retrenchments are not confined to the defence of 
breaches in the bastion, they are also made in the attacked 
outworks and covered-way; in the latter, the spaces in the 
re-entering places of arms, especially when they are large^ give 
favourable positions for the forming of retrenchments: for 
example, in fig. 23, suppose the defenders have been obliged to 
retire from the more salient parts of the covered-way ; instead of 
abandoning it altogether or being hurried down the stair-cases 
at its gorge, it would be of great consequence to have a secure 
post, such as a good parapet and ditch, a 6 c, into which (under 
fire of their comrades manning its banquette) the defenders 
could retire, to rally and endeavour to rt^n the traverses and 
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eotered-way ; or if not strong enough to do so, to maintain 
themselves here to the annoyance of the enemy's lodgment on 
the crest of the glacis; and when forced to retire, to do so 
deliberately and in order. In Cormontaigne*s method, and in 
the modem system, the places of arms are enlarged, to hold large 
solid redoubts, as oo, fig. 210. 

157. Ravelins should also be retrenched ; but as they are 
never made full as are bastions, the mode of doing so must difkr 
from that of full bastions. A ravelin may be retrenched in the 
manner described for empty bastions, (in paragraph 153) ; for 
example, in fig. 24, if c be the breach, it might be cut off by 
scarping the interior slope of the rampart, constructing a wall or 
timber rev^tement, to support it perpendicularly, from d io/vnd 
from/ toe, deepening it here, if necessary, at bottom, and 
strewing its foot with chevaux^e-frise, and every obstacle to 
binder a descent ; then coupures and parapets d and e completely 
isolate the salient part of the ravelin. Every ravelin, however, 
would be the better of a permanent redoubt within it, as^^t, 
which Vauban rarely omitted ; and which, in Cormontaigne^s 
and the modem systems, is carried to its fiiU extent. If nothing 
better can be had, a common thin loop-holed wall will cover the 
staircase at the gorge, will enable the defenders to bring a fire 
of musketry upon the breach, and allow of a deliberate retreat 
being made : such a wall, two feet thick, being incapable of 
resisting the fire of cannon, should be always lower than the 
parapet before it, that it may be screened from the enemy's view. 

Ravelins having redoubts can be still fiirther retrenched, as 
in the modem system, fig. 210 ; where the salient part of the 
ravelin is cut off by the coupure rr; the gorge pp has, in this 
case, a jierpendicular height of fourteen feet ; and the coupure is 
itself greatly covered by the redoubt o in the re-entering place 
of arms. 

Strong piles of hard wood, each plank about six inches thick, 
attached to a good beam and sunk in a trench several feet deep, 
are sometimes used to form a stockadey or timber wall from six 
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to eight feet in height; the planks have rectangular cuts pre- 
yiously made in them, to serye as loop-holes for musketry; 
(see paragraph 326, article palisades). A stockade of this kind 
is sometimes made with two faces forming a salient angle, at the 
gorge of a work, to serve as a retrenchment to cover the staircase 
and secure an orderly retreat. With a ditch in front, and a 
half-roof sloping to the rear, to coyer the defenders from hand 
grenades, and splinters of shells, it is called a tambour ; in such 
cases there is also a small ditch in rear to receive whatever may 
fall from the roof.* 



* Ooe eyil arising from the present mode of fortifying by a regnlar 
saccessioo of connected bastions and curtains, is, that an assailant having 
established himself in one bastion, can pass along the curtains to the 
adjoining bastions, or descend at once into the town ; and thus the 
possession of one point gives him the means of securing the whole 
enceinte. To remedy this evil, as well as to provide retrenchments of a 
description superior to any of those just described, as hastily constructed 
during the siege, Vauban, in his latter constructions, seemed to prefer 
the detacliing of the bastions from each other, and the forming of a 
permanent interior line of retrenchment. It appears, that having to 
remodel the fortress of Landau, he found it surrounded by a ditch and a 
good old wall with towers at the angles, at about two hundred or two 
hundred and forty yards from each other; this became the interior side 
of the polygon on which he worked, throwing his great bastions or 
counterguards beyond the ditch to cover the towers ; the exterior side 
of the polygon was thus made about one hundred and eighty toises ; the 
main-ditch, the ravelins, and covered-way were traced and finished as 
usual. 

Yauban improved a little upon this construction at New Brisach, a 
plan of which is given in fig. 212, where the enceinte or permanent 
line of retrenchment has the curtain, connecting the tower bastions, 
broken into a front, having small flanks to aid the flanks of the towers 
in the defence of the ditch of the enceinte, (the shaded portions of the 
left front of fig. 212, show the masses of the works, the unshaded portions 
are the ditches). These constructions at Landau and New Brisach have 
obtained, in military schools, the terms second and third systems of 
Vanban, respectively. 
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CHAPTER VIL 

Exlta otUworks: advanced works: detached works: r«fr«fidM 

camps: citadels, 

158. Of the outworks usually added to those oi araguhr 
front, it is here proposed to notice counterguaids, tenaiUona» and 
demi-tenai lions. 

A counterguard or couTre-face, has two faces of a narrow 
rampart and a ditch, constructed on the counterscarp of either a 
bastion or a ravelin : fig, 23 shows counterguards before bastions 
a and b ; and before ravelins 5 and t ; a section taken on the line 
o or of fig. 23, is shown in fig. 24 ; here the counterguard o is 
fifty feet thick, its ditch sixty feet wide; and the work in its 
rear has a command of observation of three or four feet orer it 
The counterguard is made 50 feet thick, that there may be just 
room enough on it for the construction of a shot proof parapet, 
and the working of guns on its terre-pleine ; if the base of the 
parapet occupies twenty -six feet, there will be a terre-pleine, for 
the platforms of the guns and their service, of twenty-four feet : 
and although this space is sufficient for all defensive purposes, 
yet it is too limited for an enemy to establish himself upon : for 
example, if he were in possession of the work o figs. 23 and 24, 
he is exposed to the full fire of the faces of the bastion a; to 
shield himself from which, he has to construct a parapet upon 
the side of the counterscarp, which involves in it the transfer of 
the original parapet firom the scarp to the gorge side of the work ; 
as indicated by the dotted lines zzzz fig. 24. The object of a 
counterguard is to cover the work before which it is placed; so 
that an enemy must beat it down, and raze it almost to its 
foundation, ere he can see the main work in its rear sufficiently 
to breach it. 
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150. A coiintei;giiaid before a bafldun, as o in fig. 23, 
bastion a, has the property of covering the faces of the latter 
from the views of the enemy's batteries on the opposite ciesi of 
the glacis, as from m k; and not only so, but the flanks n and ^ of 
the collateral bastions b and c, are also shielded from the enemy's 
counterbatteries m and g : these results show the importance of 
counterguards before bastions ; and that, to breach the faces of 
the latter, or to silence the batteries of the flanks that defend 
these faces, the coonteiguards most be quite destroyed. These 
two great advantages are however somewhat neutralized by the 
effects of the tracing which brings the salient places of arms 
before the bastions and ravelins in nearly the same circumference 
of a circle (paragraph 44), by which the enemy arrives at these 
three points Axy, at the same time, and establishes his batteries 
there ; and from that at x, he sees through the ditches of the 
ravelin and can still breach the shoulder angles of the adjoining 
bastions and turn all the retrenchments between the shoulder and 
the flanked angle. 

Now, in examining the eflects of the tracing of the counter- 
guards before the ravelins i and f, the salient place of arms t 
before the bastion, is thrown into a deep re-entering space ; to 
establish himself on which, an enemy would have great diffi- 
culty, as he would be seen, not only in flank but even in reverse, 
from the salients of the adjoining counterguards ; it may then be 
fairly calculated that the two counterguards before the adjoining 
ravelins must be silenced before a satisfactory establishment can 
be made by an enemy on the crest of the covered-way of the 
bastion between them. 

And from the narrowness and pontion of these counterguards, 
immediately under the fire of the^ ravelins, it would be almost 
impossible to prevent the defenders returning from time to time 
to man them, unless they were actually possessed as well as 
silenced ; and to possess them to the exclusion of the besieged, 
it would become necessary to capture the ravelins that so closely 
defend them: therefoxe, in most cases, to be able to establish 
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breaching and counterbatteries against the^Bnceinte, two counter* 
guards and the two ravelins must be subdued, which greatlj 
augments the defensive properties of fronts having coantergnards 
before ravelins. Fig. 23 also shows that an enemy, at /and ^, 
on the salients before the counterguards of the ravelin, cannot 
breach the faces of the bastion c between them, near the shoalder 
angle ; but, at e and A, more than halfway up the face, so that 
all the retrenchments made in the upper part of the bastioo are 
secure from being turned till the fall of the ravelins. 

161. The conclusion to be drawn from the three foregoing 
paragraphs is, that fronts having counterguards before baationa^ 
and others having counterguards before ravelins, have respectively 
good properties ; although the latter construction gives greater 
defensive advantages, from the tracing producing great salient 
and deep re-entering angles in the general outline of the 
covered-way. 

102. The effects of counterguards before both bastions and 
ravelins is seen in fig. 23, bastion a and ravelin 5, where the 
enceinte is entirely hidden from the enemy's establishment upon 
the covered-way ; from which he ctui only breach the outworks, 
as at d and p, Counterguards have, in some cases, been con- 
tinued in connexion, before both ravelins and bastions, so as to 
form a complete envelope to the enceinte and ravelins ; but such 
a construction, without their re-entering angles being broken by 
curtains or flanks, would give dead angles that could only be 
defended by casemated batteries (paragraph 103). 

163. The thickness of fifly feet for counterguards has been 
objected to by modem engineers, as insufficient to stand before 
the increased powers of artillery ; for after the scarp rev^tement 
of such a work is beaten down, the assailant, by throvring shells 
filled with powder into the mass behind the breach, where they 
explode and act as small mines, soon blows away an opening (in 
so narrow a rampart) of a size sufficient to permit hb batteries 
to see the work covered by the counterguard. In the modem 
system, the ravelin (which is nothing but a counterguard before 
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a sromll ravelin) is between sixty or seventy feet thick (see Sg* 
210), that it may stand against a weighty fire of shot and shell. 

Conntergnards, being rev^ted all round, are an expensive 
construction; and it is, therefore, a matter for consideration 
whether they give defensive advantages corresponding thereto. 

In permanently wet ditches, they can be made entirely of 
earth, which is the case in Coebom*s constructions; where they 
give cover to masonry rev^ted works in their rear. Counter- 
guards admit of being easily retrenched by coupures, as seen in 
fig. 210 ; where the ravelin may be considered as a counterguard, 
and r r the retrenchment or coupure (paragraph 157) . 

164. Tenaillons and double ienaiUons are works thrown 
out from the faces of small ravelins, to which they are submitted 
by a command of three or four feet ; fig. 25 shows their con* 
struction ; c and d being tenaillons ; /and g demi-tenaillons ; 
the short faces of the former are on the prolongation of the faces 
of the ravelin ? and of the latter, perpendicular, either from the 
middle of the fs^ce as at /; or, at one third firom the flanked 
angle at g,* By these arrangements all the ditches are defended 
by flanking fire. 

In the early periods of the present system, the ravelins were 
made very small, and to improve fronts so constructed, they were 
oAen loaded with additional works; of which, these in question 
were, at one time, greatly used in the Flemish and Dutch 
fortresses. By their position they admit of a strong fire being 
made from their faces upon the surrounding country, and when 
constructed on two or more fronts, they throw the salients before 
the bastions into re-entering spaces (paragraph 44), and 
therefore hinder the early establishment of the breaching and 
counterbatteries against the enceinte. But modem engineers do 
not approve of these works, as it is not considered that they 
prolong the defence against a powerful and scientific attack ; for 

• Demi-tenaillons, as/ and g, are sometimes called lunettes : but, as 
the adTanced works in fig. 80 are called lunettes also, it is advisable to 
adhere to the term demi-tenaillons, in order to avoid confusion. 



04 

then the enemy's batteries upon the crest of the glacis, as at 
kjiyhj command the ditches both of the ravelins and tenaillons, 
and through them a heavy fire could open nearly the whole of 
the faces of the adjoining bastions ; whereas, with a common 
ravelin, as fig. 19, the battery a b can only make one breach at 
the shoulder angle of the bastion, as k ; besides which, there is 
nothing to prevent the ravelins, as well as their tenaillons and 
demi-tenaillons, being breached and assaulted at the same time. 
In short, the defensive properties of those works are not con- 
sidered as giving a return at all equal to their great expense ; 
and they are thought to be far inferior to counterguards. 

165. Horn and crown works are thrown out beyond the 
glacis: those having one front as ef fig. 28, are horn works; 
and those with two fronts, as a 6, a c, are crown works : the 
former is here placed before a bastion n ; and the latter before a 
ravelin o : their long branches or wings are in every case directed 
so as to be flanked by the fire of some of the main works. 
When three fronts are thus thrown out, they would be called a 
double crown work ; and four fronts, a triple crown work, &c. 

These works are intended, first, to occupy a platean in 
advance of the place, to include which in the original enceinte 
would have extended it to an inconvenient and imprudent 
degree. Secondly, to occupy a tongue of land between inunda- 
tions ; or such obstacles on the flanks, as prevent the work from 
being turned. Thirdly, to bar a defile between scarped 
inaccessible height. Fourthly, (o cover the head of a bridge, 
which is commanded from the other side of the river: or in any 
other situation, where a ridge of hill, or piece of ground, can be 
occupied by one or more fronts, with obstacles on the flanks to 
make it impossible or difficult to turn them. 

The relief and command of horn and crown works must 
depend upon the nature of the position that they occupy ; and 
the particular object for which they are constructed : but when 
circumstances admit of it, they should always be submitted to the 
command of the main works in the rear. 
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Tboge in fig. 28, are merely to illustrate the subject; they 
shoald be rarely constructed on a plain, unless it be to cover 
weak salients, or to obtain some manifest advantage: the 
suitable situations for them have been already specified, so that 
these figures serve only to show their general dimensions and 
arrangement. Their wings should not exceed in length the 
range of musketry, that is cic, m 6, « «, p/ should not be more 
than one hundred and twenty or one hundred and thirty toises in 
length. In classing fronts into great, mean, and small, (para^ 
graph 24) it was stated that horn and crown works have 
usually exterior sides of the latter class, that is about one hundred 
and twenty toises of front : and this is the case in the crown 
work before the ravelin o, fig. 28 ; ac^ a b being each one 
hundred and twenty toises. Now where the ground is so 
restricted as to force the front or fronts to be thus contracted, 
it is unavoidable, and it is proper to make them so ; especially 
when on a plain, because the natural consequence of small fronts 
is to produce low ramparts, (paragraph 24 and 28) which thus 
^11 mider the command of the proper bold relief of the main 
work in their rear. But if a horn or crown work should occupy 
a position lower than the works in the rear; or cover a bridge 
head ; it ought to have a full mean front of one hundred and 
eighty toises, that it may give the usual formidable relief, and 
present as perfect an obstacle as possible for an enemy to over- 
come: and this is the case with the horn work before the 
bastion n fig. 28. 

The crown work 6g. 28, is an attached crown work, because 
the ditches of the long branches cei, 6 m are cut through the 
glacis and oovored*way of the place ; this is done that they may 
be fully flanked by the fire of the faces of the bastions that 
command them : but this construction is properly objected to, as 
affording the enemy the means of breaching the faces of the 
bastions at d and m from his baUeries 1 1 at the crest of the glacis 
of the crown work ; and in a dry ditch, of proceeding by the sap 
«, «, z, to the breach m. This is rectified in the horn w«rk ef; 
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on the right branch of which, the glacis is continued in its dope 
from r to the required depth of the ditch of the branch ; so that 
from r to / it is one continued slope or ramp, swept by the 
musketry fire of the crest of the glacis r and the battery p on the 
fauce of the ravelin. The left branch of the horn work has its 
ditch from e to t of an equal and a proper depth, and it it 
flanked by a casemated battery at t, (paragraph 193), having m 
postern leading to it from the counterscarp of the ditch of the 
Favelin s. Thus the enemy established on the crest of the glacis 
of the horn work cannot see any part of the rey^tements of 
main works, and has therefore to work up to the crest of the 
inner covered-way ere he can form his breaching and coonter- 
batteries. But this construction of the ditches of the branches 
of the horn work makes it possible for an active enemy to turn 
the work by the gorge; as the covered- ways, of the main 
works and horn works, communicate all round, and s rash 
could be made from r into the rear of the horn work ; to prevent 
which, a loop-holed wall of masonry Ik is built across the gorge, 
high enough to defeat any sudden attack, and so thin, that, when 
the horn work falls, the wall is easily beaten down by the artillery 
of the place, or by small mines previously prepared for that 
pinpose. 

These works have been greatly and injudiciously multiplied 
in many fortresses : in fact, there are few fortified places without 
them; and the experience of many sieges has proved their 
inefficiency to prolong the defence, except in cases where 
localities favour them. Modem engineers generally prefer 
occupying advanced ground by independent redoubts, that, 
while they mutually flank each other, oblige an enemy to attack 
each separately : a construction that will be immediately ex- 
plained under the head of advanced lunettes. 

Advanced works, however, ought always to prove an obstacle 
to an enemy's progress, by forcing him to begin his attack 
further from the main works than he would otherwise do ; and 
thus cause him to expend more time and labour than in an 
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kllack of similar fronts without such advanced works. As one 
proofofthis, Sir John Jones,at page 13, tqI. i. of liisSi^es [see 
ig. 29) in speaking of the attack of Badajoz, tayji, "Varioira 
methods ofaltack were considered, but all of them required more 
than the allotted lime. Many of the niost capable officers and Lord 
Wellington himself wished the attack to be directed against one 
of the south (ronla; nor cap it be denied that, with time, and 
adequate means in men, stores, and artilLery, such should have 
been the attack ; but to approach either of tjje south fronts (from 
b to e), it is indispensably necessary to reduce the PardaJeras 
detached outwork (L). which xoovld oblige tlie opening of the 
trenchei at a grealer dUtanee than Ibe Uiual routine, and would 
consequently require more labour and time to perfoTm than the 
attack of a similar front without detached works." At page 11, 
"The Pardaleras crown work (£,) is stated to have its escarps 
low, its ditches narrow, and its rear badly closed," 

166. Mvaiuxd ditch, covered-waij, and lunettet. Some 
writers on fortification stale that when the ditches do not yield 
a sufficient quantity of soil fur the comtruction of the masses of 
the ramparts and parapets, that an advanced ditch may be mode 
beyond the foot of the glacis, to supply the deficiency, and, at 
the same lime, to prove an obstacle to the assailant ; such a ditch 
is seen in plan, fig. 30, £, and in profile in fig. 31, b ; it ia made 
in this shape, without an escarp, that it may receive a defence 
from the works behind it : but should it be wet, there may be an 
escarp as shown by the dotted lines below £, fig.31, provided that 
the surface of the water be exposed to the fire of the toaia worlu : 
but as such an obstacle, especially if filled with water, would 
greatly inlerrere with the free service of sorties, it has been 
recommended to furnish it with an advanced covered-way and 
glacis as F, tigs. 30 and 32 ; now this advanced glacitt must of 
necessity be submitted to the command of the main or first glacis, 
else it will greatly mask the fire of all the main works and afford 
a favourable emplacement for the batteries of the assailant when 
he obtains possession of it : and, if to prevent this, the crest of 



tliu advanced glacis be made only five feet above the plane of 
site (which will slill, on a level country, mask the fire of the 
main works) then its tcn-e-pleine must be sunk below llie plane 
of site (as seen at F, fig. 32} and, in proportion as this ia the case, 
the covered-way bocomes an easy prey lo the full effects of the 
enemy's enfilade and ricochet batteries. As a defensive work, 
therefore, it affords no advantage lo compensate for its disad- 
vantages ; but, nnder the circumstances of ground fitvouring snch 
a construction, it is very proper to form an advanced covered- 
way : for example, if a rivulet flows at the foot of the glacis, and 
the opposite bank affords a position under the fire of the main 
works, it would be favourable to this construction.* 

On a plain, an advanced ditch and covered-way requires to 
be supported by lunettes, as ^, D, B, C, figs. 30 and 33 ; and 
thus to form a second line of works affording each other a mutual 
defence ; their fire acting together upon the surrounding country 
and receiving a supporting defence from the main works in their 
rear. When the ground, before soma of the troals, falls 
gradually, and spreads out into a plateau or terrace ere it falls 
more rapidly into a valley or plain, as the irregular linexuuw, 
fig. 33, this plateau tiu would be the situation for a system of 
advanced lunetlesand covered -way, as their relief could be made 
bold while they are fully under the fire of the main works ; but 
on a plain yxz, fig. 33, it is diHliciiIl to obtain for the advanced 
works any thing like a respectable relief, and submit th«n at the 
•ame time to the command of the main works: and advanced 
worksshouldnever,afieTtheyfBll,afford an enemy a commanding 
position for his batteries. It would therefore appear that unless 
favourable localities offer themselves, (he construction of 

■ Id fig. ao (Bee pBiagrlph 84) the French ran an advane^d covered' 
way beyond iho RlTillna, lo communicate between tbe lunettes A aod P; 
its crest is iudiciiled by the line on; bere Ihe ground la faToarable for 
Ita constrnctSon along ihe slope of the hill, from P lo R; and the donbls 
objeci of seenring a comnuiiicatlDn and obtaining a Ore of muskelr;', 
was obtaioed. 



^rvk^ wqrb i% iii m^ wiPt iiyi|d|cjiHW| pd4 ihftt |)io 

^tieiiftbmiig of ^tw^ridi ^ ^Bts^ipfa U then pfofi^ahle. 

Bu| if |i fayouiiibl^ posUiop ^k^ b^ pbtained fo| adv^ced 
WWrlPIt uid if tboir cofnpiapicatipQ b« sppuffr^ with the 19^ 
^orkji, Ihey gx«»t|j fiPgDieiit \\^ 4#feiioe :« oUigipg the en^vp^j 
tp bei^R bis uttack M n^ucb fi^itbei tbui be wpuld otb^fwise ^ 
If ^Kfxe ill ^y^cB between Uie nu^n woik9 SM»4 the a4vftQoe4 
werl^l P^bw to io^uqp biw tp atlAcfc on epnie pther sicies o| 
wben 9^ IffEigtfa fon^etcl, the whp)e lien epppse4 to tbe fiie of th? 
p»ain wpcM» whifb b»ye then to bp ftttap1|p4 in due fqnp. 

Tbe psnul mpde of illQitialing tbe ^object ia to mpppiie |be 
W)ppb5 pf tbe woib# IP be on p plain or IpTel cpuntiy : a vimjAp 
ffiymctid ditcb, ancb ay ^t fige. SO und 91> ill cre«9P4 by a bridge 
wbpn wet; or tbe pMinteipcpip Aspepded bf ranipe or ataif^enee 
whfp ^ : (^g, 91 beieg a fe^tion ^ tbe line f r of % 90) ; 
tbf ^^pRMEt tbe apFtipe iwpe pn the bare ppnnteiP^t tlmy %99 
9p^ pnd pabjpct to tbe enemy'e fipe befprp tbey can 'Pgain tbei? 
fonpAtipnt fig.SSif 4 lei^pnon tbeline iMf fig^ SO ; wb|eb 
•bpwe a ppypfed.wiif V beyond ibe adfenced ditcb E j from 
wbieb » mndFe^firepanbe obMined, ae wMl ea a piNeptien |S>r 
ypftiea to ieMie legelaily, fee* : but iia pmst» if [inbniitte4 to that 
of tbe ftfPl oevoTodeW^ by two or tbiee feet, will maKe its lener 
pleine lower Iben tbe plane ofiite,aaF» fig, 82; and tbw enbieic^ 
i^ to ^e deeibmtiye effeets of tbe enamy'p enOade and ricoebe^ 
fire : to support an advanced ditch and covenid-Twey prepep^F* 

n^quinw lanettesyan 4,P»B»C, % dO» ei^ C, Ps* 39 : f^» that 
tb<^ P9y bayp a reepp^ t«b)p pispfile, ^ U ppppissairy tbpt tbe mm^ 
w^rki ihpidd b«?e » b<M VilieC In Ibeir popstriw^pn m 

^ Qf^ll^ ^^f^^m^ frf PfMf pnae by t^ allied vmy w4«» A^ ^?»4w 

9; thp DplFa pf W/Bfliofptpa 1^ F^b^lW?. W14, Sir /<*n JTpii^^ ftj|t|;y 
th|it *' on rocpnopitrin^ tfie ciUdpl^ the ffifnfon were foand laboprin^ 
to the formation of an advanced line of defence, consistioff of foar 
redonbtt, connected by a coTered-way, at four liundred or Ave faandred 
yards frem tli« eltaiel % but wbMii, Mog atill la a yery uafiDlfbed state, 
tiiaiF (protected iif stnaf poits ia the HHaffS in Iff ffeni^^^ 
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opportunity ia afTorded for creating ^at salient and deep t«- 
enterio^ angips in (he g:enernl oullinc, bv throwing out tbose on 
the capitals of the raTcHns as far as possible ; and drawing in 
thoae on the capitals of the bastions: fur example, the lunettes 
D, C, on the capitals of the ravelins are traced on an equilateral 
triangle 303, the sides of which are one hundred and fiOy toises, 
(the length of the lines of defence) by which a flanking fire ia 
obtained for the ditch of the lunette and its covered-way: the 
re-entering lunettes A, B are drawn in, so that their gorges rest 
a little beyond the foot of the glacis, and their faces are directed 
to points about ten or twelve toiscs from the flanked angles of the 
adjoining ravelins, that, like the salient lunettes, their ditches 
and covered-way, may be flanked : thus the place of arms m 
before the lunette B is thrown into a re-entering space between 
n and p, which is favourable to the general defensive properties. 
As this tracing renders the salient lunettes more acute than the 
re-entering ones, it is customary to give the former faces and 
capitals of thirty toises; and the latter faces and capitals of 
twenty-five toises: the flanks in both being parallel to the 
capitals, and ten toises each. By this, lliey have about an equal 
capacity,that is, each lunette can hold about two hundred men 
and a few pieces of artillery, so as to render it necessary to 
proceed against it in fonu, but when captured, the interior space 
is too limited and cut up to aflord a good emplacement for the 
enemy's batteries. 

On a level plane, the lunettes should be lower than the 
ravelins by six feet : this will make them nine feet below 
the crest of the enceinte, {when the latter ia twenty-two feel 
above the plane of site) : now, if the advanced glacis has its crest 
seven feet above the ground line, the lunettes will have a com- 
mand of six feet over it, which is sufficient, as the crests of the 
works are only separated by a distance of sixty feet (viz. thirty 
feet for the width of the ditch and thirty feet for that of the glacis), 
paragraph 114. While this arrangement submits the advanced 
tine of works to the command of the main works, it madu 
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emaiieiMj the fire of the latter, and throws upon the advanced 
works nearly the whole service of contending with the enemy 
till they fell. These works have the advantage of being inde- 
pendent of each other, so that, although they g^ve a mutual defence, 
the fidl of one does not ensure that of the others, which can 
continae the defence: the general defence can be aided by 
redoubts at the re-entering angles of the counterscarp of the 
advanced ditch, as seen in fig. 30 between the lunettes A^D^B: 
the general slope of the glacis is produced till the necessary depth 
fm the advanced ditch is gained below the ground line, when it 
may be continued on a level ; which would be the case with the 
salient lunettes ; and also with the ditches before the faces of the 
re-entering lunettes : but the glacis behind the gorge of the latter 
would be terminated rather abruptly, in order to give a proper 
height to the gorge wall : indeed, in some cases, it becomes 
necessary to build a loop-holed wall at the gorge of advanced 
lunettes when there is a possibility of an enemy turning them. 
The communications consist either of caponnieres, as that 
leading from the first covered-way to the lunette B, fig. dO ; or 
by posterns as v leading firom the ditch of the ravelin to the 
lunette D; the latter is the most secure and approved con- 
struction, although the caponniere, from being less expensive, 
is the most common ; these caponnieres have traverses to prevent 
their being enfiladed and to assist in defending them : the defect 
of this passage is, that it is a ready made trench for the assailant 
after the fell of the lunettes. 

A fl^che, or arrow, is a parapet beyond the glacis as JE, JE^ 
thrown up for the purpose of giving cover to a musketry fire 
firom a position in advance of the covered-way ; either to enfilade 
some of the enemy's trenches or to command a low feature of 
ground, a hollow way, &c. : they communicate to the covered- 
way in their rear by caponnieres. 

Advanced works have sometimes been made open, and some- 
times closed, at the gorge : on which subject Colonel Sir John 
Jones has the following excellent remarks at page 460, vol. i. of 
his Sieges. 



IM 



<^ Whilst en the subject of storming worki» it may be M woll 
to ittqtiirey whether th^fy more than experietio6 hai not kd to 
(be ]practiee of making the real* of aH detached works in ftd?a&«e 
ofaibitieas without a ditch* Such a constniction is often of 
(teridns ill conseqtietieeai as the assailants neyer fail to attadk 
Inich b work at the gorgev and generally socceed by it ; therefore^ 
if it be not founded Oil sound principles^ it should be rectiied^ 

^^ The reasons urged against making a ditch round the gorge 
iif dfetabb^ works ate^ that it serres as a lodgment for tbe 
assailants after carrying the work, and that it is an obstacle to 
driving them out of it again by a sortie^ 

^* Th\% reasoning certainly holds good when die work is not 
advanced beyond the gkcis^ as then it cannot very wdl be 
mttacked at the gorge, and the enemy ought to be Tef>eatedty 
driVMI oiit of it ; besides, its pro^mity to the place renders the 
nfeisketry fire up6n it so destructive, as to make immediate cover 
for th6 assailaBts indispensably necessary for their safety. Works 
in such situations cannot be made too accessible at the gorge; 
Init these consid^mtions lose all their weight wh^i applied to a 
work mbre adftoced from the place than 500 yards, as then the 
^ehahce of recovering it by a 0»rtie is nearly hopeless, and any 
engineer of experience would, instead of entering the work, 
ptef!» making a lodgment by the flying sap on its flank, as being 
more readily executed, and of the most use when finished. Any 
to^^ created within the work must necessarily be very con- 
fined, atad tbe garrison always prepare marks to direct their 
Mffleiy^ aild usually ke^ up a constant fire on a detached work 
throughout the night after it is carried. 

** The lifie to draw would therefore seem to be,-— no ditch 
•tttotnd tlfB ^s^ftgt of works within 300 yards of the place,— in the 
\coilsliructioii of works from 300 to 500 yards, to be governed by 
circumstances, — but to all works beyond 500 yards distaal bvm 
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tte pfaiofty to make a ditch, and ereate fbf$ tame obstadea to an 
atsanlt round the Tear as in front of the woiiL.'* 

1G7. Detached and inacoesHble works* A small detached 
woA, niay»by its inaccessible position, be of great yalue in pro- 
longing the defence of a place ; fer example, a redoubt, castle, or 
caaemated tower upon an inaccessible rock commanding much 
gromd in €Teij directioD ; a well corered earthen redoubt in tha 
middle of an inundation; or on an island or a tongue of land 
difficult of access ; or any work so situated in advance of the 
place, as to be able to take the enemy's attack on the neigh- 
bouring fronts in flank or reverse ; and Ibroe him to expend 
much time and means in reducing it ;* or induce him to abandon 
evesy attempt on the place within the range and influence of such 
a work, and to form his attack on some distant fronti. In order 
that such a detached work may answer these purposes, localities 
must so &your it that an enemy will have great difficulty in 
establishing heavy batteries of artillery to overwhelm and anni- 
hilate its defences ;t and that it shall be quite out of his power 



^ Is fig. 89, 6^ is the oatliae of Fort CbrittOTsl, that crowns a roeky 
bsigbt aboet five handred yards from the fortreM of Badigoz, from whioh 
it it separated by the river OuadiaBa, This detsched work, although a 
small irregalar weak fort, ooespyiag a iqaare of only three hundred feel, 
yet ii^ported by the are of the fortress i titaated on a height about one 
hundred sad fifty feet above the river, sad surrounded with ground so 
bare and roeky, as to reader the formation of raemy*s batteries 
ealrsmely difleult from want of foil, twiee offered a good snd luecessful 
rssistaqee, when defended by the Freaoh, against the allied army under 
the Dake of Wslllagtoa ; oa the leeond oecaiion (fiSHh May, 1811) even 
twenty-three pieces of artillery were planed in battery against Fort 
Christoval, when it was partially breaehed ; and two gallant asianUa 
failed on the 0th and 0th of June ; on the lOth of June the siege was 
raised. (Sir John Jones's Sieges, vol. I) When Badaios was finally 
eaptursd, the redoubt P was first taken, and the attack carried forwaid 
from P to <he low groaad towards the river* 

t As an inslanoe of the sweeping and aaaihilating effect of s eoa- 
osnttated fire of artUlery oa a small work, the following instance 
Ja aMassd* In 1810, Ihs FimMh nadsr Marshal Vistor laveHed 



to posh up to its counleniCRrp by the uanal process of attacks 
As Euch works, in ^neral, must be very Bmall, ibey retjuire la 

Cadiz; he gpr«ad his army roand ihe buy. forming lines of con- 
trtTallallni:, of no less tlian twenly-Hve miles in oxieni, enclosing s 
great number of Tillages, castles, &c. ; amonglt the resl there wns uoe 
■mall fort eilled Matagonia, (vhich wis Hrst abandoDed by the 
Spaniarda, but aflerwardi scljted by their alliei, Ibe English) ; ihii (ort 
iDterrereil oitli Ihe French works, and from it they were dalennined la 
drive the English ; it wiu situated on a tongue of land, and separaled by 
the harbour Troni another tongue of land ou nhich Cadiz is built. The 
works of Cadiz were aboie fonr Ihoujand yards distance from ft ; btit 
there was a powerful battery on the Cadiz tongue, called the PoDtales, 
at one thousand two hundred yards from Matagorda, Col. Napier, in 
tbeSdTol. ofhlsHietoryorthePeninaularWar, p. 178,says, " General 
Stewart's first measare was to rccotor Matagorda. lu the night of the Hi 
(February, ISIO) a dttachment, consisting of fifty seamen and marines, 
and »iity-Be»eQ of the 9ilh regiment, the whole under the command of 
Capl. Mc. Lean, pushed across the channel during a storm, and taking 
possession of the dismantled fori, before morning effected a solid lodg- 
ment ; and although Ihe French cannonaded Ihe work with field artillery 
■11 Ihe next day. the garrison, supported by the fire of Punlales, was 
immoveable." Again, at page ISO, " But nan Matagorda, which, though 
frequently cannonaded, had been \ie\djifty-^re dayi. Impeded Ihe Com- 
pletion of the enemy 's works at the Troccadero point. This small fort, 
of a square form without a dlleh, with bomb proofs insuEHcienl for the 
garrison, and with one angle projecling towards the land, was little 
calculated for resistance ; and as it could only bring seven guns to bear, 
a Spanish seventy-four and an armed flotilla were moored on theflanks 
to co-operate in the defence. The French had, however, raised great 
batteries behind some houses on the Troccadero : and as daylight broke 
on the 21st of April, a hissing ahower of healed shot falling on the 
seventy-four and In the midst of Ihe flotilla, obliged them to cut their 
cables and take ahcller under the works of Cadiz. Then the fire of 
foTty-cig!il ffVHs and mtrrlars, <y/ tie largest sizi: was concentrated opoo 
the little fort of Matagorda, and Ihe feeble parapet disappeared in a 
moment before this crushing fiighl of metal. The naked rampart, and 
the undaunted hearts of the garrison, remained ; but the troops fell fail, 
Ihe enemy shot quick and close ; a slalT. bearing a Spanish Sag, was 
broken ail times in an hour, and the colours were at last fasleoed to the 
angle of Ihe work itself, while the men, especially Ihe sailors, attributed 
the sUoghter to their fighting under a foreign flag. Thirty- 
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hive good casemated eoTer (paragfaph 194), that tliey may not 
be immediately forced to aunender from bombardment : and, if 
possible, their revtoments should be covered by a glacis : the 
tracing should be so arranged that the prdongations of the fiusea 
shoold fall either upon the main works or upon inaccessiUe 
ground, to prevent the enemy enfilading them : the guns should 
command all approaches, while the embrasures are to be some- 
what oblique to the ground on which the enemy can establish 
his batteries, to hinder him from firing directly into them to 
dismount the guns. 

It is quite impossible to fil either dimensions in tracing or 
fdief lor detached works ; as these must entirely depend on the 
situation anid object of the wOrk. If a good and secure commu- 
nication can be kept up with the place, it will greatly increase 
the value of a detached work, as it permits fresh supplies of men 
and matMel to hold the enemy in check and keep him at a 
distance from the main works. 

Detached works, indeed, become of the first importance to 
places giving cover to the dock yards, great depdts, magazines, 
ho6{Htals, &c. ; for the range of shells from mortars averages 
from one thousand yards to two miles ; and an enemy may greatly 
injure, if not altogether destroy, magazines and docks from these 
distances, unless there be g^ood detached works within range of 
each other to keep him at a distance, (paragraph 160). 

168. Retrenchedcamps» It would be of the first importance 
to an army that has been forced to retire, pursued by superior 
forces, to find, on its line of retreat, a strong position, in which to 
compensate for want of numbers; where it could safely rally, 
reform, and draw upon its magazines for supplies. Yauban's 
proposed to obtain these advantages by enclosing a space of 

the tempest lasted, and sUty-four men out ofone hundred and forty 
were down, when General Graham, finding a dUersion he had projected 
impracticable, sent boats to carry off the surriTors. The bastion was then 
blown up onder the direction of Major Lefebre, an engineer of great pro- 
mise, and he also fell, the last man whose blood wetted the rains thus 
abandoned.*' 



giround, aniud far the purpoie, under the pira of a fortnes, by 
lines of strong; field worki capable of ronlaining a camp of twenty 
thousand or thirty thoiisaod nieo : within this poEilion an army 
could rally, draw from its magaziaes laid up in the fortrcsa, and 
perhaps be enabled to act offeuBively ; at all events, to leave a 
corps of from ten thousand, to thirty thousand, men, within thia 
retrenched camp in addition to the garrison, and thua force the 
victorious parly either to form the Bicge of aiich a place; (oattftck 
the retrenched ramp ; or to leave a large corps of observation to 
watch the place ; for twenty thousand or tliirty thousand men, 
DU the alert to cut off commnnicationa, could not, without great 
danger and impntdenc^, beleltinlhemr. Napoleonaaid "that 
fortresses are equally useful in offensive as defensive war&re. 
It is true, that tticy will not in themsetves arrest an army, but they 
■re excellent means of retarding, embarrassing, weakening, and 
annoyinga victorious enemy." And in proportion as the garrison 
becomes formidable, will the enemy's delay and dilliculties be 
increased. Now, few fortresses are capalile of shutting in a 
garrison of twenty or thirty thousand men, and a place manned 
with only three thousand, five thousand, or ten thousand men, can 
sometimes be masked or blockaded by large detachments, when 
the victorious urmy is numerous, without much interfering with 
the general objects of the campaign or the progress of conquest. 
To oblige an enemy, then, to delay his masses Itefore a fortress is 
an object of such importance as to invest retrenched camps 
with considerable consequence. 

Vauban first conceived tlie idea of thus making fortresses of 
■mall or medium size answer important ends in the genetal 
operations of war: he fanned several at the b^inning of the 
eighteenth century, as at Dunkirk, Lille, &c. : the tracing of 
which depended upon the localities: the canals and other 
obstacles that traverse the ground in the neighbourhood of these 
places affording means of strengthening some sides or diminishing 
the labour of construction : fig. 34 is a diagram of the retrenched 
camp at Dunkirk : (the fortifications of the place, which were 
veiy strong, are in great part omitted] ; its general outline, ^ B 
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fi C0| IbriM it flrtRh M |^o«ibl« Btnigfat lines, in orte 
iHiiiMilai wbieh aM moit likely to be finC mttackvd^ nifiy he 
tedveed to the feWM {kMiibie in batfiber: this tmcibg rests ils 
tee jIDoa the fbnrsSs: the spioe 8S ftfe the sandSy open at 
lew Welsr end c^ertd at high: PP Mta batteries to pfoteet the 
pier heed. 

The gieil outworks on the frmU fkmhg HBtxdO, omitted in 
the plati, ere so strong^ as to render an attack on these sidee 
▼eiy difficnlt: tlie shaded parts repMsent the wet ditehei, 
ritlileMi eanaUi ; atari £ is a lalte IniTing a high dry spaoe of 
gwwM s d in its ^entrei Occupied by a basdoned fort : the litaation 
Ito el ii pu ia moet fitToorable fir the oonstniction of a retren^ed 
tamp : and, If the salient paria he attaeked and captured, the 
behug oat by a taaal, eflbrcb exo^ent means of 
The profile of Bach a work shoidd be bold; the 
parapets at least nine ftiet high, aiid the ditches from twelve to 
sixteen fM, deep ; te connteiecarp shoald be raised two or diive 
feet, and a small glacis formed beyond it to coter a portion of 
the parapet \ etery pltMiition oMudly teken to tender field Works 
o^care freai a ooap>Mle*niain eheidd lie adopted an these wofte 
<|miagraph8d6). 

1<60. CohtiAued lines of works ibr letionched camps haTe 
been diMipproTed of by sodie asodem engmeers as confining 
the tyfiensive operations of the troops witliin tiiemk General 
Regnukt M hie work entitled ** Considerations On the Ait of 
War," in ipeaking of porats of support in the enviMm of 
fi irtrce ssi to favonr the mmHsoTns of an army open the deAn- 
mre^ and between which it can change fiont witiroat datageT, in 
i>rder to meet mi eneli^ dn whaierer eide he may present kim^ 
e^ios^c ^leee no better mmmer of foMllingtiieftelsonditionn 
Ihmi tket of esta b B ehing fimr little IMa around each phwe, 
lermhig a greit l^tomt^ in tbet^enlreof wMchis thefoi^tress:^* 
/4t$ dia^mlH Jif. ^ F, Uufhriirm: nn n n, i^ /wr emntt 
fariij '<t3itaefortaeho«Mbe aBtaUishedoildieeumittitioftkB 
i*eet adVimMgeouft W^tl^ at absitot two thousand fimrbmrfnd 
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or three thousand yards from the works of the place, and about 
six lliousand yards from t^nch other: the spnce cotnpriscd 
between two forts, would form a field of bailie capable of 
receiving from fifty thousand to one hundred thousand men, and 
might be looked upon aa impre^able ; the forts, armed with 
heavy guns, would perfectly support the wing^, and the centre 
could be strengthened by field works {aa 0,0, Jig. 85) conslracled 
at the moment of need. Thus the four forls circumscribing the 
fortress, would form all around a vast retrenched carop, pre- 
■enting four fronts or four different fields of battle, so that Ace 
could he made against the enemy on whatever side he presented 
himself. The ordinary giiard for this retrenched camp could be 
reduced to that necessary for the four redoubts, wliich could not 
be more than eight hundred men : the fortress itself serving as a 
depfit for the subsistence and re-oi^nizution of the army. It is 
easy to vary the disposition of such works to the nature and site 
of the fortress; to adapt it to the ground ; and to profit by natural 
obstacles, &c." 

The good defence of Danlzig in 1813 by the French army 
under General Rapp, shows the advantages arising from ifae 
foregoing dispositions; the following is an extract from the 
interesting relation of this siege by Captain D'Artois. "The 
mode of exterior defence presented many advantages; it secured 
great resources in proviaon, in forage, in materials, in workmen 
furnished by the suburbs and villages that we occupied. The 
inhabitants themselves [whose rising wc sometimes feared) 
formed a good opinion of an army that was not hid within the 
walls of the place, and hence put more confidence in it; or at 
least were kept more to their duly by the idea that they had of its 
power. Let us suppose that an enemy endeavours to reduce the 
aiege to a species of blockade, or small partial sieges, the defen- 
ders, having the advantage of a knowledge of the ground, can 
secure all their positions by fortifying only some points. Inlhit 
manner Ihey keep the enemy at a great distance, and force hiin to 
make mich an ioimeiise developement as must render him weak. 



" It U desirable that we should seek Diore than we onliaarily 
do, to prevent the establishments of lines of countervallatian, 
(paragraph 248) ; or at least to oblige the enemy lo conslnirt 
them at a great distance. The more ground that is occupied, 
the more easy it vill be lo have some point to beat the enemy in 
detail, or to reviclual the place. Let us hope that the example 
given at Dan tzig will not be sterile, and that it will serve to 
confirm the excellent priaciples expressed by Mans. Carnot in 
his work on the defence of fortresses, where he recommends that 
the suburbs should be preserved and fortified for defence, in place 
of being destroyed on the approach of an enemy, which is loo 
often the case. 

" Let us remark, that this is not in opposition to the adopted 
maxim lo raze all that obstructs the vitw wUhin the range of 
cannon; for after having held the suburbs, hamlets, isolated 
houses, Sic. as long as possible, precautions can be taken to 
destroy such cover as may bo favourable to iho enemy, when 
necessary to abandon it: at least, when forced to take these 
painful steps, all that depends upon us has been done lo avoid 
bringing such disasters on the inhabitants. This is what 
occurred at Danlzig, when we were obliged to abandon the 
suburbs of Ohra and Schidlilz, which were preserved whole as 
long as we could occupy them. By this distant defence we 
retarded the bombardment. 

"It appears clear to us, that in every respect it isrighltokeep 
0« enemy as long as possible at a distance flrom the ramparts : 
to eRect which,3ll sacrifices should be made, in order to ii 
the morale of the garrison and of the inhabitants, i 
all kinds, the facility of sorties, and the valuable retarding of 
those incalculable evils that necessarily overwhelm a city exposed 
lo the lire of batteries of all kinds," 

The following passage is from a note appended to Lieutenant 
Colonel Dufour's work on fortification: 

" When a place is provided with exterior forts that keep the 
enemy at a distance, and has a brave garrison to defend the 
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apprwchee to it, no fear need be entertuineii of the roekela and 
bomb* of the besieger. All the efforts of an engineer should be 
directed to give to fortreaBes the exterior nieaiiB of resistance, 
la my opinion, n place that has only a simple bastioned enceinia 
with a continued covered-way, but which is, at the iaine time, 
protected by advanced furtg, is preferable to a place fumisbed 
with ravcliuaatidrctrcnchnienta, but reduced to it« own resources 
and without OKterior supports. Perhaps the day will come when 
the ordinary enceinte of a fortress will be coasidered only as a 
lut redoubt, and, by simplifying it, greater care and means can 
be expended on (he advanced works. I'hia will not be changing 
modern fortification, but modi Tying the use of it. Good exterior 
forts, mutually oupporting each other, will alone be charged with 
the defence; the place itsclfwill only serve the garrison to obtain 
a capitulation : the garrison alone will sustain the danger* of the 
uege; the inhabitants will suffer but liuje." 

These observations are worthy of great attention, in conie- 
quence of the increased power of artillery since Vaubaa's tinie, 
CBpecialiy in vertical fire ; when in our day, at ordinary sieges, 
fitly shells are thrown into a place, fur one projected in his time ; 
and when, if provided with a sufficient number of murlars, the 
anailant can now establish himself at from eight hundred to 
three thousand yards from the place, and, by a conliouod boin* 
bardincnt, destroy and fire all private and public buildings that 
•re not bomb proof (paragrnpli 191]. Should the place cover 
a naval depdt, magazines, or a commercial inert, &c, all may 
BOW be destroyed without proceeding regularly against the works 
of the ftnlificatiDD : it, therefore, becomes a maticr of the Gnl 
Importance to keep the enemy at sneh a dislanca, by wdl 
ami^ed advanced worka, as to prevent these evils ; as also to 
enable a strong and zealous garrison to act offensively under 
every advantage. 

The miseries of a bombardment are so great to the def«nce> 
leas inhabitants of a town, that every possible means should he 
taken to prevent it ; and no mean* are so efficient as thow jost 
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mentioned. " After the sinreoder of Atb, in 1745, in conw- 
qiience of a furious bombardment from Marsbat Saie, il wai 
raged against tbc governor on his trial, and admilled by hira, 
ttiat only fourteen of hb garrison bad been killed. As the 
slaughter of the inhabitants and the desolation of the place are 
described by eye witnesses as having been dreadful to behold, 
■ome judgment may be formed from this statement of the usually 
comparalive suffering of the soldier and the citizen under * 
bombardment." — Sir John Jones's Sieges, 

170. Many examples migbt be iguoted of the value of 
retrenched camps; let two suffice. 

Frederick the Great formed a retrenched camp under the 
cannon of the fortress of Schweidnitz with forty thousand men; 
not in a continued line of parapet as in fig. 34, hut more after 
ifae manner represented in fig. 35: by lunettes at intervals; the 
angles of the general trac^ being defended by redoubts, so that he 
could freely roanceuvre and take the offensive when necesiary: 
within these lines, which were constructed in four or five days, 
, he defied bis allied enemies, the Austrians and Russians, triple 
his number. 

When the Duke of Wellington's army invaded France by 
crossing the Pyrenees in 1814, he was opposed by Soult, the 
most able of Napoleon's marshals; who, on two occasions, 
«ndeavourpd to make a stand before his victorious antagonists 
in retrenched camps; firstlyatBayoime and secondly at Toulouse. 
Sir John Jones speaks of the former in the second volume of his 
Sieges, as follows. 

" Soult had caused his troops to labour incessantly throughont 
the winter, in strengthening and adding tn the capacity of this 
ftontier bulwark ; and had formed an advanced line or entrenched 
camp nearly parallel to the ramparts at 6ve hundred or six hun- 
dred yards in their front This advanced line of works being 
well supported by innndations and other natural obstacles was of 
great strength, and covered sufficient space to enable the garrison 
to form unseen, and unexpectedly to attack with their whole force 



112 

the works of the besie^r, necessarily divided b^ the Nive; and 
nay be considered to have given Bayonno on the left of the 
Adour, tlie strength of a first rate fortress." 

Sir John Junes, in hisnarin Spain, slates, that Marshal Soult 
had sn army of thirty-five thousand in 1814, which he ably 
retrenched around Toulouse ; he aays, " This city presented 
many peculiar and great local advantages in rurthcrance of his 
labour, being surrounded by a defensible wall, three fourths of 
which are covered by the canal Royal du Midi, or by the Garonne, 
an impassable obstacle. Therefore to give that considerable 
portion of the circumference the strength of a moderate fortress, 
i( was only necessary securely to cover the eammuni cations over 
the canal ; and, being zealously aided by the labour of the inha- 
bitants, he quickly eOecled this by fortifying various buildings 
and constructing field works of a stronger profile than usual. All 
direct approach to the remaining fourth of the enceinte not 
covered by the rivers, was interdicted by the state of the cniss 
roads, being also flanked by a range of bold hiils, the summit 
of nhich the French had strongly occupied by five redoubts, . 
and had formed various lines uf entrenchment in support of them 
and to connect the flanks of the ground with the defences of the 
(own. At the foot of the heights runs the river Etb, all Ibe 
bridge* over which out of the fire of the works were destroyed. 
Such was the advantageous position in which Soull decided to 
try the fate of arms. Yet it was carried by the Allied army under 
the Duke of Wellington on the lOlh of April 1814. But as the 
operations of the day consisted entirely in the attack of formidable 
retrenchments, the loss of the victors was very considerable ; 
probably exceeding that uf the vanquished : above 4500 Portu- 
guese and British having been killed and wounded, and more 
than half that number of Spaniards." — See Jones's War in 
Spain, page 382, plate 4. 

In the general arrangements for the defence of a frontier, 
positions should be selected where, on an extended scale, the 
militia and ordinary national troops shall possess every advan- 
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Uge ; where barracks are built, magarineit formed, covered by 
strong temporary w(»ks, in order to avoid the expense of regular 
fortification; and for this purpose, there is no better plan than 
that of an entrenched camp, or a system of strong exterior 
forts. 

171. Citadels. Definition 32 states the nature and use of 
citadels. If, in fig. 34, the outline A BE CD be considered 
as the fortress, K would be a good position for the citadel, 
especially if strengthened by natural or artificial obstacles, and 
works, towards G aud H; in order to render eyery attempt on 
those sides so difficult as to induce an enemy to prefer forming 
bis attack against the works of the place. In this position the 
citadel can communicate with the country, as well as with the 
sea; so as to be able to receive succour oven when the fortress is 
in a state of siege ; while its fronts A D command the interior 
space as ^ as BE C^ and thus afford the means of further 
resistance after the fall of the fortress ; or of negociating with 
advantage for good terms of capitulation : and^ in this peculiar 
locality, it gives an opportunity of withdrawing a great part of 
the garrison by sea. 

It is customary to have a dear space equal in extent to short 
musket shot range, called the eiplmnadif between the citadel and 
the buildings of the town ; for example, in fig. 34, the supposed 
citadel K would have an esplanade before its fronts A D ; that, 
after the fall of the place, an enemy might not be able to kklge 
himself nearer than this to the glacis of the citadel; for if the 
buildings of the town were allowed to be constructed close up to 
the citadel, an enemy could at once establish himself in them, 
and thus obtain a great advantage. 

The fronts of a citadel presented to the country should always 
be so strong from nature, or art, as to render their defence more 
lengthened than an attack on the works of the place, and, afW 
their fall, on the inward fronts of the citadel : else the citadel 
would be attacked, and, when captured, the place would be at 

its mercy. 

X 
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A citadel should, if possible, be able to keep up a communi- 
cation with the country, that succours may be thrown in throng 
it : hence, such a strong hold should have some of its fironts in 
the general outline of the place, as in fig. 34 ; for if entirely 
enclosed within the place, as the castle or citadd of Badajoz, 
(h fig. 29) it loses, in a great measure, this advantage. 

Citadels have been objected to, on the score of placing in 
the hands of a despotic government the means of holding the 
population in subjection ; and that, if an enemy gets possession 
of them, he has at once the power to overawe the people. These 
are points which do not lie within the province of military 
engineers to discuss : to prolong the defence of a place is didr 
chief object. History affords melancholy proof of the sufferings 
of the inhabitants of fortified cities during a si^;e and bombard- 
ment, and of their natural endeavours to abridge their duration 
by inducing the governor to surrender ; when, perhaps, the 
safety of a state or kingdom depends on detaining a victorious 
enemy before the g^tes of the place. Under such circumstances, 
it is likely that no power less than the last resource of pointing 
the batteries of the citadel upon the place, to overawe the 
discontented, would enable a garrison to persevere in their duty 
to their country ; for although the feelings and exertions of the 
inhabitants may, at first, be favourable to the defence, their 
sufferings and terrors soon turn the scale: hence the g^eat 
advantage of the good detached works and the exterior system 
of defence spoken of in paragraph 169. 

In conclusion, the words of Napoleon are quoted: ^'If 
circumstances prevent a sufficient garrison being left to defend 
a fortified town, which contains an hospital and magazines, at 
least every means should be employed to secure the citadel 
against a coup-de-main." 



115 



CHAPTER Vin. 

RevStemenis; bomb proofs; catematei, 

172. In order thai the maMmry work neceflsary for the 
oonstmctioii of rev^tements, casemates, and coantermines in a 
well ordered fortress, may come under one head, it is proposed 
to follow these three sahjects in the order laid down; for 
although their defensive ohjects and uses are unconnected, yet a 
consideration of the first will throw a light upon the quantity of 
masonry necessary to be expended on the others, in order to 
give than proper stability without waste of this valuable material. 

Oil revSlemenis, 

173. The sides of the ditches, and the extremities and 
gorges of the works, are usually supported by walls of masonry, 
the construction of which being the most expensive part of a 
fortress, various means leading to economy in their erection has 
been proposed, consistent with the preservation of the defensive 
properties of the works. 

174. It is true that, in some cases, the exterior of the 
rampart has been laid out in a great exterior slope of earth 
without any rev^tement, as in fig. 38 ; but such a slope must have 
a considerable base to enable it to stand firmly, without injury 
from the action of the weather or time. In earth of common 
tenacity, a base somewhat greater than the height should be 
allowed for so great a slope ; hence, if the vertical height from 
the bottom of the cBtch to the foot of the superior slope be thirty 
feet, the base should he about forty feet, fig. 38. In earth of a 
loose character, this base would necessarily become so extended 
as to occupy an inconvenient space of ground. 

I 2 
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Such an arrangement, however, has been recommended in 
some systems : the famous Dutch engineer, Co€hom, conslracted 
his counterguards of this profile to cover the rev^ted works in their 
rear: but it must be remarked that his ditches were wet: and 
such a construction is totally inapplicable to the present syMttm 
of fortification, unless the ditches be so : ev«i then, such a long 
sloping exterior bank, worn away by time and weather, intei^ 
sected by wild plants, and cut up by the enfilading and othor 
fire from the distant batteries of attack, will offer great aanstaiiee 
to the besieger when he comes to effect the passage of the ditdk : 
and it is not an approved constmctlon on fironts liable to be 
attacked. 

In a system recommended by Mens. Camot, minister ef war 
under Napoleon, he proposed the same profile, but his trndng 
differs greatly from that of the bastion system ; and lie detadbst 
his rev&tement wall from the rampart, and places it alone in his 
dry ditch, (fig. 38 d) : this, as well as the other defects of his 
system, have been ably exposed by General Sir Howard Douglas, 
Bart., in his work on Camot* s system ; and by Colonel Sir John 
T. Jones, Bart., in his second volume of Sieges. 

175. In order to economize masonry, ramparts have been 
often partially rev^ted ; having long exterior slopes terminatiog 
in a berm, ^g. 39 ; but such a construction is only suited for wet 
ditches, since the height of the wall can rarely offer a serious 
obstacle to escalade: and, once on the berm, the assailants pass 
round this road at their pleasure, to seek for embrasures or otliSK 
facilities of entrance. 

176. The mode of rev^ting most generally followed and 
most approved of, is to build up the masonry to the foot of the 
exterior slope of the parapet, so as to be in the same horizontal 
plane as the crest of the glacis. This is called the full rev4ieminif 
fig. 40 ; but y auban, in some cases, even supported the exterior 
slope of the parapet by a small wall of masonry, thus augmenting 
the height of the wall by several feet, and rendering escalade 
almost impracticable. This is the entire reviUment, fig. 41, and 
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in the thM tjrstem of Vauban, which Tepiesents the fortren of 
New BriMch (one of his last constroctions), we find that he 
adopted the entire rev^tement in the redoubts of the ravelins 
and in the enceinte : both of which works may be considered as 
strongs retrenchments to the ravelins and great bastions, (see fig. 
212) ; and consequently not so exposed to have the parapet wall 
destroyed by a distant, or even by a near, fire, as the ravelins and 
great bastions, which lie exposed to the enemy's batteries on 
the coverod-way. Entire rev^tements, therefore, unless fully 
covered by works before them, must necessarily rise above the 
crest of the glacis, and are unfit for the generality of works since 
they can then be beaten down from a distance. 

177. The sloping fall rev^tement, then, being the most com- 
mon construction, an explanation of it, and of the counterforts 
usually attached to it, is now proposed. 

178. All scarp rev^tements should be high enough to 
render escalade difiicult ; that is, they should never be less than 
thirty feet:* Vaoban considered thirty-five feet as a height 
sufficient to render escalade impracticable, with any thing like a 
resistance. 

179. Counterscaip and gorge rev^tements should have a 
height sufficient to render any attempt to jump into the ditch 
impossible or very dangerous ; that is, such walls should never be 
less than ten or twelve feet in height. 

1 80. From what has already been said of the proper breadth 
and depth of ditches, (paragraph 126) and of the necessiQr of 
IhMr being fully fianked, it appears that an attempt to obtain 
scarp rev^tements of much more than thirty-five feet in height, 
would involve in it either a great and defective change in the 
triicing to secure a flanking defence; or, by adhering to te 

* The rev^tement escaUded by the assaaltiog party of the Duke of 
Wellington's army at Badajoz, on the dth April, 1812, varied from 
twenty-eight, to thirty-one feet and a half, high ; and of the castle wail 
at the same place, from eighteen to twenty-four feet.—iS'tr John JonuU 
9kgu^ vol. I. pagt 9t7« 
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leoeived tradng* it would become necessary to sacrifice one of 
the most important principles of permanent fortification, nanelf, 
a fully flanked ditch. This is a proof, in addition to mai:^ 
already mentioned, that by pushing any advantage too fitf» a 
disadvantage immediately arises elsewhere. This refers to 
rev^tements under ordinary circumstances: ditches from forty 
or sixty feet deep exist in some fortresses ; but their tracing and 
localities do not fall within the rules of the regular worics here 
treated of. 

181. Having shown what should be the general height of 
rev^tements, it remains to consider what should be their thicks 
ness and strength. 

The pressure on the back of a rev^tement waU is nsnally 
represented by a triangular portion of earth, cab fig. 42 : fiir, 
in earth of common tenacity, a bank will wear away from the 
action of time and weather, into a slope having a base c d equal 
to its height d b ; hence as the tendency of the mass of earth in 
rear of the rev^tement is to seek this slope b c, the pressure may 
fairly be represented by the mass cab. 

By enquiring into the nature of the resistance that rev^te- 
ments ofier to this pressure, it is soon seen that the building of a 
plain rectangular wall is not the best mode of expending the 
masonry so as to offer the greatest resistance to the pressing 
mass. 

For example, let figures 42 and 43 represent the sections of 
two revetements containing a like quantity of masonry, and 
each thirty feet in height ; so that the amount of the pressure is 
the same in both cases. Let x be the centre of gravity in both 
revtoments ; the perpendiculars x g cutting the bases e c and 
ihing respectively : then in the rectangular wall, fig. 43^ the 
base is divided into two parts at g ; but in the common sloping 
wall of fig. 42, e 9 is more than half the base e c. Now the pres- 
sure exerted to overturn the wall on the pivot e in fig. 42, is 
resisted by a force equal to the quantity of masonry (lace) 
multiplied into tlie lever e g : but in fig. 43, the resisting force 
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is equal to the same quantity of maaonry multiplied by ig: 
therefore the resisting |iower in fig. 42, is to the resisting power 
in fig. 43, as e ^ to half t h* Hence, of two rev^tements with a 
like quantity of masonry, that bnilt with a slope in firont, of the 
common profile, is stronger than a rectangular one. 

182. The slope usually given is one-fifth or one-sixth of 
the total height of the wall ; that is in fig. 42, / m or o e is equal 
to one-fifth of the perpendicular height m e» 

183. Yauban generally gave his rev^tements a slope of 
one-fifth : whatever might be the height of the wall, he made 
it five feet thick at top, so that the thickness at bottom wou14 
entirely depend upon its height ; consequently his high rev^te- 
ments appear to have a weak profile, and his low ones look too 
massive ; and this certainly would be the case with counterscarp 
rev^tements, where the pressure is always represented by the 
triangular portion in the rear, which demand for high rev^te- 
ments a greater thickness at top than for low ones. 

184. But in a low scarp rev^tement, Yauban's rule cannot 
be far firom the truth, since the pressure is increased beyond that 
bearing on a rev^tement of common height ; in consequence of 
the mass of the ramparts and parapets above, being generally so 
much greater, when masonry has been economised by a partial 
rev^tement : that is, when the relief of the partially rev^ted, and 
the full rev^ted work, is the same, as in figs. 40 and 44 ; for in 
addition to the triangular space sqr in fig. 44, there is a still 
greater mass prut exerting its thrust against the rev^tement ; 
whereas, the mass P fig. 40, is less than the triangular portion cab* 

It is to be observed that in works having demi-rev^tements, 
this pressure is usually lessened by the construction of a berm : 
but, as in fig. 44, the line ^r is equal to fifteen feet, no berm of 
a less breadth than this would serve to remove altogether this 
additional pressure: and such a breadth of berm is rarely or 
ever made. 

185. All rev^tements have the masonry secured from the 
penetration of rain, by a flat stone on top, known as the- coping 

stone or cordon* 
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186. Inateid of lajring out all the matoniy in the eonatraGti«a 
of the ipv^ement wall, a oonaiderabie poition ia applied to the 
bdldiiig of battrenea or counterforts in rear of the levtenesti: 
theae are fifteen or eighteen feet apart, aa in %. 46» (which ia a 
ground plan of the maaoory). 

Thia arrangement ia preferalHe to that of expending aH the 
maaonry in a plain wall ; for, it not only gives a greater geneial 
base to the mass, and thereby resists better the preasure «pon it : 
but theae projecting counterforta greatly break the contionity of 
the general pressure ; for the earth immediately around theBi» as 
aoa fig. 45, pressing and grasping them, relieves the wall 
greatly. In a military point of view, counterforU are very 
Taloable, as it has been found more difficult to batter down a wall 
thus supported, than a plain rev^tement without oounterioits : 
for after the rev^tement is beaten down, the settled earth ia kept 
hanging together by the counterforts. 

Counterforts are either rectangular as /{, or diminished aa D, 
fig. 45. y auban used the latter : and their dimensions depended 
on the height of the rev^tement : to a rev^tement ten ieet high, 
he gave counterforts four feet long, and three feet wide at the toot 
or thickest part ; the breadth at the tail, or thinnest part, he always 
made equal to two-thirds of the thickness at the root. For eveiy 
additional five feet of height added to the rev^tement, he 
increased the dimensionfi of the counterforts, by one foot in 
length, and half a foot in thickness at the root. 

187. In order to render rev^tement walls as atable as 
possible, they should rest upon, and be connected with, good foun- 
dations ; as instances have been known of the rev^tement having 
been pushed forward and separated from the foundation, in 
eiMDMequence of the masonry being bad. 

The breadth of the foundation should, in all caaeo» exceed 
that of the rev^tement : in the profiles, from fig. 89 to fig. 44^ 
the ofl^t, for the fouudation is only to the front, and thia suf- 
fices in revetement walls, where the pressure is all from the rear : 
although a double offset is necessary in the common walla of 
edifices to ensure stability. 
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The dunensiims of foundations depend open the nataie of 
the soil on which the walls rest : and, when the general situation 
of ibrtrenes is conndered, covering as they do, naval depots, 
dock yards, arsenals, or commercial niarts» on rivers, &c., where 
there nrast be mnch onequali noit, and deceitful soil, it becomes 
necessary to lay the rev^tements on good foundations fully capable 
of bearii^ the weight of masonry, equally, and without giving in 
any part : to effect which, they often require to be piled : that is, 
strong beams of wood, pointed with iron, are driven into the soil 
ground, by means of a heavy weight (called the monkey or ram) 
raised op by an engine to a height of about thirty feet, when it is 
suddenly released, and falls on the head of the beam with its full 
gravity: which process is continued till the pile is so firmly 
fixed, as to resist further impression from the ram, and conse- 
quently is more than sufficient to bear the weight of masonry 
which it has to sustain : the head of the pile is hooped with iron 
to prevent its splitting. 

It has been ascertained that, for the quantity of masonry 
contained in military rev^tements in general, the piles need not 
be so great as in the construction of piers for bridges ; piles of 
about one foot in diameter will suffice : they are driven in about 
three feet from each other, in the length and breadth of the space 
intended for the foundation : they are then sawed off at tho same 
level, and connected by horizontal beams crossing each other; 
so that a strong grating is formed to receive a platform of wood, 
upon which the masonry foundation of the wall is laid. It Is 
usual, also, to clear away the loose soft ml for about two feet 
below the heads of the piles, and to fill up the space with rough 
dry masoniy rubbish, as a further security for steadying the piles 
and keeping the foundation dry ; see fig* 46. 

Thus a sufficient strength is obtained to bear the whole 
weight of the masonry and prevent it from sinking ; but as the 
nature of the pressure on the back of rampart rev^tements, is to 
thurst them forward, it will tend to prevent this, if a line of 
sheeting piles be driven in just outside of the rev^tement, their 
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ho&da being sawed off on a level a little above the bolloin of the 
inasuDry; aa seen in fig«. 46 and 47, 

When it is thought necessary to lay Ihc founilalion with great 
care and strength, for such worliit as the piers of bridges, dock 
yard walls, &c., the space to be built upon is enclosed by a dam 
to excluiio the water; these dams, called txifTerdams, are made 
by driving down two continued lines of piles, at a certain 
distance from, and parallel to each other: this space between 
the parallel lines of piles, being first quite cleared, is afterwards 
filled up with rt^lar brick work and Itecomcs the wall of the 
cofferdam : the interior ground is then cleared by pumping out 
the water and laying it perfectly bare, and a sound foundation is 
sought eitlier by excavating till a firm soil is found, or by piles. 
Fig. 47, is a section of one of the piers of the Soulhwark iron 
bridge, the foundation of which was laid by cofferdams. This 
figure is taken from the mechanics' magazine No. 445, where 
Mr. Christopher Davy makes the following observations : "The 
jiraclice of piling for iho support of such a cumbrous mass of 
materialsBs the bearing piers of a bridge, has been most generally 
observed, and as generally found to be adequate to the purpose. 
But of the use and abuse of piling, it will be necessary to speak. 
The main use of piling being for the purpose of passing from a 
loose to a denser soil, it is necessary that that soil shoidd be of 
such a density as to prevent the piles from sinking farther than 
tbey are driven in the first instance, by the pile engine. 
From the enormous load they bear, this is most likely to be the 
case, should the pointed ends or feet of the piles not rest on 
ground of great solidity. Indeed it has been observed in my 
former papers that piling is only a mode of aearehing for firm 
grounJ where it is either inconvenient or too expensive to barrow 
out or excavate the soil. There are, however, some instances 
(such as a bed of stiff tenacious clay) where it has been found, 
by c!i|)eriment, that although the feet of the piles rest upon no 
other security than on the clay, a pile ten or twenty feet long, 
driven down, will, by the friction of its sides, have a hold of the 
ground nearly in proportion to its actual superficies. 
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" It 18 eTident, therefore^ that piting under two or three very 
different circumstances, maybe made subsenrient to the effectual 
security of a foundation. The foundations of the bearing pier» 
of Southwark iron bridge were laid in cofferdams. They are of 
an elliptical form, with a triple row of piles of whole timber* 
Each pier rests upon a massive timber platform supported by 
piles. Close to the outer edge of the of&et of the pier, a row of 
timber sheeting-piles was driven, a precaution that at once 
exhibits the master mind of the late John Rennie. This uniform 
belt of timber forms, as it were, a close stationary dam, 
preventing the soft substratum upon which the piles rest, from 
being pressed outwards by the weight of the pier ; a circumstance 
that generally takes place where piling is employed, and the work 
heavy." 

This pile work of timber, would in India, soon be destroyed 
by the ravages of the white ant ; and for ages edifices have been 
secured on the sandy soil on the Coromandal coast, by resting 
the walls on wells which are constructed in the following curious 
manner, by a caste of people called well-sinkers. 

The ground to be built upon is excavated and cleared away, 
as far as the loose nature of the soil will permit, where it is 
levelled and the wells are formed and founded on this surface : 
the wells are of two kinds, of bricks or of pottery, the former 
about four feet in diameter in the clear, and the latter three feet 

Colonel de Havilland, of the Madras engineers, gives the 
following account of these wells as prepared for the foundation of 
St. Andrew's Church, at Madras. A depth of fourteen feet 
below the surface being excavated and levelled on which the 
work was begun. 

^ The process of sinking these wells is as follows. If of brick, 
the bricks are made pirposely for them, and of a shape to fit each 
other in their breadth in circular layers, like the voussoirs of an 
arch, of the usual thickness, and about seven inches long ; a litde 
longer as the diameter of the well increases. Before these bricks 
are laid, a ring of wicker-work, of the diameter of the intended 
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well, and as broad as the bricks are kmg^, is placed on iIm muhcef 
and on it the bricks are carefally laid in horizontal layers, with 
a little clay mortar, very liquid, between them. A cylindrical 
wall is thus raised to a convenient height; or if known, aa bl|^ 
above the surface as it may be required to sink the wells b^w 
if. The cylinder thus formed is firmly bound together oatwaidly, 
with hay or straw ropes or twists, wound round it from the 
bottom to the top: this done, the well-sinker gets into the 
cjlinder with a basket, and with his hands chiefly when the nmd 
is soft, sometimes with a short-handled-hoe, and other fit tools, 
he excavates the soil from the bottom and fills the basket, which 
is then haled up by other workmen on scafiblding above, and 
handed out of the way. In this operation great care maat be 
taken to excavate evenly all round under the wicker-ring, that 
the cylinder may preserve its perpendicularity. The process is 
thus continued, until the cylinder disappears beneath the soil, or 
until the bottom is found to be of sufficient consistency for the 
object in view. If the cylinder be not long enough to reach to aiich 
a soil, it is raised again and bound round as before, and the well 
sinker continues his work till the object, a good soil, or rock, is 
attained. The well is then filled with brick bats, sand, shingle, 
small stones, or any other substances which will not dissolve or 
alter in their volume in water, and will admit of being rammed 
down to a solid consistency. 

The wells having been placed as near to each other as prac- 
ticable, the interstices between them are very limited ; but these 
Interstices are also to be filled op and rammed down with the 
fltme kind of materials as the wells themselves : the whole spaos 
is then levelled to an uniform surface, perfectly firm and impesM- 
trable, on which the masonry of the foundation is establisfaed." 

The pottery wells are fitted up and sunk like the others, bit 
the cylinders are formed of baked ring^, formed in frames, two 
to three inches thick, and five to six in height, in lieu of bricks. 
These, however, are seldom used for wells much more than three 
feet deep ; while, on the contrary, wells even from twelve to 
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fifteen ibet in diameter, are often aonk with brick in the way 
deeeribed above, and to a very great depth.* 

In farther detailing the foandation of St. Andrew's Chordby 
Colonel de Havilland says, that ** the wella were sank aboot nine 
fiset, the foondations being raised abont thirteen feet and a 
quarter above that, and abasement of four feet more, made the 
whole depth below the pavement about twenty-six feet and a 
quarter, fiat even at this depth the soil was still of the nature 
Qf quiduandf and to appearance not very solid; but it was a 
sand, a substance that would not dissolve or alter its volume. 
Bttt the whole area being uniformly the same, no apprehension 
was entertained of the result, as each part would be sustained in 
equilibrio/' And St Andrew's Church, bulk in 1818, stands 
firmly on its bed of wells. 

The wells in this edifice, as also those under nearly all the 
buildings about Madras, and the revMemmt walls of Fort St 
George, test upon sand ; and their stability affords a proof of the 
correctness of the opinion expressed by Mr. l>avy, in paragraph 
187, ** That although the feet of the piles rest upon no other 
security than day, a pile often or twenty feet long, driven down, 

* Colonel de HaTilland tlto giwes a sketeb of the habits and labours 
of the weil'Smktrs* ctuU: they iotemarry aaongst theinsel?es only; 
they travel about In small companies or families in search of employ- 
ment, except in such a place as Madras, where they find such constant 
employment as to induce them to build permanent huts: they work hard, 
receive high wages, and their constant immersion in water induces them 
to drink spirits, which leads to improvident habits. While sinking the 
welts, almost la a stale of nakedDc«s,tbey contlnae at their work, although 
the water gains ii|ion them, by divlag beneath and remaining below i^ 
eonaiderabU time: baling the water continually would not only be very 
expensive with their simple contrivances, but by the process of doing so, 
the water would find its way between the interstices of the bricks, would 
wash away the mortar, and derange the cylinder, which would then fall 
in. In pottery wells, however, it must be done, as the sinker is embarw 
rested for room. The azertioD of working la great, so that they relieve 
eaoh other fiequeally. 



wHI, by the friction of its sides, have a hold on the ground netoAj 
in proportion to its actual superficies ;" more especially when 
rendered solid, as in the Indian modes of ramming the spaces 
between the wells with dry rubbish for so great a depth. 

In a treatise of this kind, it is not necessary, nor is it possibley 
to enlarge upon the subject of securing the foundations of walte : 
enough has been said to show the importance of the sabject, 
without a consideration of which it is impossible to arrive at any 
just conclusions on the point proposed for investigation; namely, 
the proper thickness and strength of rev^tement walls. 

Referring to paragraph 181, descriptive of the nature of the 
pressure of the earth on the back of a rev^tement, and to panu 
graphs 186 and 187, showiug how this pressure is lessened by 
the construction of counterforts; and, again, how the whole mass 
of supporting masonry is bound to the foundation, as has just 
been stated ; it follows, that, in considering this pressure, great 
allowances should be made for these modifying circumstances. 

188. As the mathematical mind and great scientific 
experience of Vauban are fully acknowledged, it will be well to 
inquire into the quantity of masonry generally used by him, 
especially as his rev^tements have stood the test of time. 

In fig. 40, let the rev^tement have a perpendicular height of 
thirty feet ; then, according to Vaubau's arrangement, the slope 
will be one-fifth of the height, or six feet ; the thickness of the 
wall at top five feet, and at bottom eleven feet ; the area of the 
section of the revfetement is 54-11-1-2x30, or 240 square feet 
of masonry. 

To this must be added the proportion of masonry contained 
in the counterforts; Vauban's diminished counterforts, (for a 
wall thirty feet high) at eighteen feet apart, were each eight feet 
long, with a mean width of four feet; therefore, (8x4) 92 is 
equal to the area of a horizontal section, which, being divided 
by 18, (the distance of the counterforts from each other), 
f{=l*77 feet, or the mean thickness of masonry, which would 
be added to the profile of the rcv^tement, if the whole of the 
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masoniy were expended in a plain wall without counterforts : 
the section, in fig^. 40, would therefore have a mean thickness 
of 1*77 feet to be added to it: which, in a height of 30 feet, 
(30 X 1*77) gives 53*33 square feet to be added to the 240 already 
feund ; giving a total of 293*33, as the average area, in square 
feet, of masonry, in a section of V auban's reveteroent 30 feet 
high. 

Now, to ascertain the area of the mass of earth pressing on 
this rev^tement,in fig.40, and represented by the triangular mass 
eab and the figure P ; let aczza 6, therefore 30 x 15=450 feet : 
and die area of P, according to the dimensions in the figure, 
proves to be 382*5 ; making a total of 832*5 square feet 

The quantity of masonry in the section, in square feet, is 
203*33, and the earth (on the scarp) pressing on it is 832*5 ; 
that is, the quantity of masonry is, to the pressure of the earth, 
as 35 to 100 nearly. 

It is usual, in calculating the strength of Vauban^s profiles, 
to include, in the mass of masonry, the content of the small 
exterior wall that supports the parapet (fig. 41), which alters the 
shape of the profile, and, of course, changes the proportions given 
above ; and then, according to Colonel Pasley,* the quantity of 
the masonry, and the pressure of earth acting upon it, in 
Vauban's profile of an entiie rev^tement, 30 feet high, is as 
324*856 to 555*125, or as 58*731 to 100 nearly ; whereas, the 
calculation here offered, according to fig. 40, is about 35 to 100. 

After minutely investigating and calculating Vauban's 
profiles, and laying down some satisfactory tables on the subject. 
Colonel Pasley remarks ; ''Still, as there is a difference of ratio, 
at different heights, which, although not very great, may cer- 
tainly be conffldered as a defect in Vauban's general profile ; it 
may be deemed best, instead of following implicitly the rules 
laid down by him in his tables, to adopt firom amongst the various 
ratios, used by him, that which is the least expensive, of all 

* See Colonel Prey's Coarse of Elementary Fortificatioa, vol. ii. 
diap. 24. 



128 

whote fticogth has been (ally proyed by eiperieoce. Now^ it k 
well known, that Vauban*s rey^tements wwre generally about 
thirty-two feet high, meawiring from the level of the diteh to the 
cordon, that is to say, without inclading the small exterior reT^lo* 
nent of the parapet. He may occasionally have made hia 
rev^tements lower, but seldom or never higher than the above 
dimension. We may therefore call thirty feet the average heigbt 
But by the second table, it appears that at the height of thirty 
hf/ty the total quantity of masonry in Vauban*8 general profile, 
]« to the pressure of the earth, as 58*731 to 100 :" which propor- 
tion. Colonel Pasley is of opinion, may be safely followed ia 
practice at any height of profile whatever: and that, in no case 
should the masonry be in a less proportion than 50*312 to 100. 

It appears, therefore, by the calculations fomded on the 
dimensions in fig. 40, that this profile is not sufficiently stroa^, 
and to make it so, a quantity of masonry must be added to it so 
as to bring it to the proportion required of 58*731 to 100. 

In cotmterscarp rev^tements, the pressure is evidently not 
so great as on scarp rev^tements. Let fig. 42 represent a 
counterecarp rev^tement ; and compare it with the scarp rev^o* 
ment in fig. 40: in the former, the triangle cab alone represents 
the pressing' mass, the area of which (supposing the height ao 
to be 30 feet) is 450 square feet ; so that the rev^tement is relieved 
from the pressing mass P (=:382*5) of fig. 40. Let the aiasomy 
in fig. 42 be equal in quantity to that in fig. 40, the area of the 
resisting mass will then be 29*3*3 ; the masonry is then» to the 
pressure, as 203 to 450, or as 65 to 100. Here, then» the 
profile proves to be unnecessarily strong, and the quantity of 
masonry must be lessened, to bear the proportion of 58 to 100; 
nnder the supposition that this standard of Yauban's is rectived 
as a guide when the masonry is good. 

189. The nature of the pressure, and the resistanee olEeltd 
to it, as shown in paragraph 181, lead to tlie condusioiiy that a 
leaning revHementj according to fig. 48, is stronger than either 
the rectangular (fig. 43) or the common sloping rev^tement, 
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•(fig. 42); all containing a like quantity of masonry: for in 
comparing figs. 48 and 42 together, (sopposing each to have the 
same height and skpe), the length of leyer, (formed by the 
perpendicnlaTy firom the centre of gravity to the base) is equal in 
both, while in fig. 48, the pressing space b lessened by the trian- 
gular portion aed; consequently, aach a construction opposes a 
greater resistance to the pressure ; and if thus supericnr to the 
common sloping rev^tement, it must be so also to the still weaker 
xectangular profile, in fig. 43. How for the slope of this leaning 
rev^tement may be carried, is a matter still to be decided by 
practice and inyestigation. 

100. In the common rev^ment, with the s\ape in firont, 
the greater the slope, the more is the wall exposed to the action 
of the weather^ and unless the masonry be kept constantly 
pointed, the interstices get soaked with rain : mould, T^;eti^on, 
and the seeds of plants will be generated in them, and the waUs 
become quickly injured and weakened : this has been the cause 
of the destruction of the rey^tement walls of most of the existing 
fortresses. 

To obviate this^ the slope io firont has been gradually 
diminished fipom one-sixth 4o one-tenth and one-twelth, &c. ; till 
at length it is recommended to have the wall perpendicular in 
firont, and the slope made in rear as in fig. 40, called the coun- 
tershpmg revitemeiU. The back of the wall is built in steps, as 
seen in the figure to break the continuity of the pressure of the 
earth against it Here the lever of resist^ce e^ of the mass of 
the masonry is less than in any of the other profiles : for, with a 
like quantity of masonry and a like slope to the walls in figs. 
42 and 40, the lever of resistance c ^ in the latter will only 
equal the portion c ^ in the former : hence the wall is a weaker 
profile than any of the other constructions: besides which,* the 
amount of the pressing mass is actually increased over that in 
figs. 42 and 43, by the triangular portion a e d; and by twice 
fhis mass over fig. 48. Although this profile has been approved 
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to be theoietkany wooker tlian any other, eten weaker tiinn if 
tho ia m my wese expended in a reetaognlar wfJl.** 
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191. One of tlio finC endeavovopt on the fmrt of the be de get 
ji to ailenoe and dismantle the defences : this he aedks to do 
from a distance of about six hundred yards from the woifai of 
the place, that he may afterwards work over this space in com- 
paratiTo security. The chief means used by him axe enfilade, 
yicoehet, and vertical fire, (parag^raphS). To neutralize tlie 
ofifeet of the two former, it is usual to construct traTenesf 
between every two or three guns, which, under ordinary circum- 
•tances, (on ramparts from ten to fifteen feet above the enfilading 
b a tt e ri es ) , are efficient to screen the guns greatly. Ricochet 
fire has, (through the works of the French military englneen), 
obtained a great repntation in the attack, as irresistible in 
rilepdng the lines of worics subject to its action ; but the results 
of the pnetiee carried on at Woolwich in 1821, by the Royal 
Artillery, lead to the opinion that well traversed works cannot 
leiMiily be silenced by enfilade and ricochet fire. The pupil ia 
referred to note 83 in the second vol. of Sir John Jones's Sieges, 
which is here transcribed, and which shows the true value of 
this species of firing. 



^ TkP PlfH U referred to appwdix, No. 1, for full iDformatlon pa 
IkefMtjeQt of t^e preMWre of «artb agalost r«?6t«iDWt wslls t iUufUated 
at A^dlipombe by a model. 

t An example of this is seen in the four-gun battery In front of tbe 
manston-boiise at this seminary. 
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AH tke atteiBpte made at tbii itttack td o^erwh^lm the 
ardlleiy of the place, were by direct fire ; and p^bapd with tbtht 
teaiooy cottsideHng the complete sdcceflt obtithied by tbui meani 
al Ciodad Rodrigo, aiid the little efket pfofdacdd by the 6bfi- 
lading batteries, d ricochet, at the reduction off Badajto* 

" This Battfrallj teads to a cmmderatioti of the most efficient 
employment of eirdniitfee to sBenccf ofrdnatice,- flttd ^o tnijiiire' 
ijkto the r^al vaine of the enfilade fire d rictHchet, vflAth is g^€t' 
ally considered as b^ing appKcaUe ia all dtsta^es, ^d to be of 
itself infaHiblej ThiscokAssal repaCktion ^afl^ in idl prblMAtfity,' 
fiist acquired by enfilade ^te, fiiMn \k\tg powerfiilly and jtidli^' 
ciously employed, whilst it surprised by itfl^ nortdty^ scM b^r«^ 
means eotfld be devised t6 ward off its eOecIt: fliCoChet dhot 
then bounded fireely al^ng whole Hn^ disJoaNmntin^ the gvtt$i 
breaking the platfbrms^ and swee^ng a#ay tlhcf defetfdei^ir btif 
sober judgment ted evary day c^perienocy,- l^cd itf Mitli dotAt 
of 9B ei^hcde fife d ricochet^ poaiessiini^ ihiy sneh dhithtddye 
properties agailM Une^ well trar^rsed sM defiMeiff. M6 HfM 
filed witb only a- few cfum^es of p(Mdtii dfifr pmMfy hk^e 
safficieM force t6 penetralliB tMfovghy or ktf&6k d6Wil; a' lA^bMferift^ 
obstacle ^ aold, consequently^ a Meochel shot cater irijtiM frbtoj^ bf 
guna which are well and 61oMy co^ereid by tt v^etim y &tify hf 
passing immediately over the crest of tkef t^at'MCs^y andfi^Hin^ 
dowtf almost verticdly atf its hh*^ ^hMi iiMdltb^ a rad^e chk'nce 
for tf shot fired according (or (he-nsimi rko(^beC pft^ce,- iMh fMitf 
UK to nine degrees of eferation; 

** Previously to the sieges in Spain, this nature of fire had btSffh^ 
utterly ne§^eeted in England, abd w^' were obliged to^ imk4 its 
ohttracter on trust firomthe oontiiiekiftal'p^vwevi, wh6, findittg^ W& 
reduced charge most appIiciA>le' to tiicftf bitaf gtms,* hlid tHH 
interested! motive for vanntnlg fofrtir it* pfaf&Ms' We ^ now, 
howev^,^ cofiMt our yndj^ment by i^ oonrtB of ptacdce diiihsd^ott 
afrWoc4wiebv under OoroB^ Sir A. Fraver flMT tifbkJEiM^i MS^ 

K 3 
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other pracdaed artillerirtH in 1820 and 1821, onder ?ery fkyomw 

able circumstances. 

<< A face of a bastion of fifty toises inlength^was armed with 

six gnns moanted on garrison platforms, two in the centre of tiie 

hcBf and two at each extremity of the face ; and on the flank of 

the bastion seen in reverse by the enfilading batteries, other two 

guns were mounted. 

** The ordnance employed consisted of 24 and 18-poander iron 

guns, 10, 8, and 5|-inch howitzers, and 68-pounder carronades. 

The face of the work to be enfiladed was on the same level with 
the enfilading batteries, and the parapet to be cleared eight feet 

in height. The distance firom the battery to the work was 

accurately measured, and the efiect of each round reported, so as 
to regulate the next discharge. 

*^ Twelve hundred and thirty rounds were fired with diells or 
shot Of 90 rounds fired firom 24 and 18-pounders, at 400 
yards distance, with a charge of powder of 3^ the weight of the 
ahot, two thirds, or 60 rounds, fell into the work. 

'* At a range of 600 yards, the same guns fired 240 rounds, 
with charges firom -j^d to V^th the weight of the shot, out of 
which number 06 fell into the work, being between a half and 
one third of the number fired : at the distance of 800 yards, 150 
rounds being fired with charges from ^th to -^^h the weight of 
the shot, only 57 fell into the work, being a proportion between 
one-third and two-fifths. 

** Of ten rounds of shot fired firom 68-pounder carronades at 
600 yards distance, with a charge of powder of T^^th the weight 
of the shot, four rounds took effect, and averaged five bounds 
each. 

<< Often rounds of shells fired firom the same piece, at the same 
cUstance, vrith one pound eight ounces of powder, six fell into the 
work, and averaged six bounds each shell. 

**lliis conrse of ricochet practice was commenced with the 
fiice of the work destitute of traverses: but after the range had 
been attained with accuracy, traverses of the rude and primitive 
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coDBtmctioD, Qtoally fomed by a garrison on being attadbed, 
were added. 

*^The shot fired before the woriL was traversed, made from 10 
to 27 grazes along the terre-plein, being an average of 13 grazes 
each shot; bat subsequently very few made more than a second 
bound. 

**0f 170 shells, filled with powder, fired from the howitzersy 
after the work was traversed, 58 only bounded along the terra- 
plein, and of these 58, only 33 burst whilst bounding along the 
work, inconsequence of the fiizes having been cut longer than 
necessary for the time of flight to admit of their lodging in the 
traverses previously to exploding. The 33 shells which exploded 
did much injury to the traverses ; but no gun, so protected, was 
disabled during the course of the practice, though many guns 
were repeatedly struck, and some disabled, before the traverses 
were thrown up to cover them. 

** From this course of practice it may be assumed, that about 
400 yards is the best distance for an enfilade fire i ricochet- 
that such fire is to be preferred to any other, within the distance 
of 600 yards firom the object, but that beyond 600 yards 
' fiilly two thirds of the ammunition will be thrown away, and 
consequently ricochet fire can rarely be an advanti^^us 
employment of artillery, where precision is required, at any 
distance exceeding 600 or 650 3rards. In the defence, how- 
ever, when directed against the approaches and parallels of 
a besieger spread over an immence space, this nature of fire, from 
its bounding and grazing, must at all periods of a siege prove of 
great annoyance to the working parties and guard of the 
trenches. 

*^ Ricochet fire would appear firom these experiments to enjoy 
a reputation in the attack of places beyond its merit ; and most 
probably, from the circumstance that in all regular and well- 
conducted sieges the enfilade batteries i, ricochet are invariably 
seconded by a poweriul fire of mortars on the.&ces and flanks of 
works, the artillery of which they are intended to silence; and 
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^ Hid Img ^tfimit » degree of mSi is §k9m to lb« 

fashionable and favourite fire k ricochet, which ought, in joaliiM^ 
49 Iw \n^y ^bai^ with thu wortanty far Iha late aK|Mriiiients 
jH^fy t)ie belief, tl^ ^Ub<Hi( the aaaistaiice of heavy Teiticai 
^e, f|n en^M^ t^ i ri^pobet oaanfxt he Mndered ^aetniotive 
along a face well traversed. Shells are absolutely necessary as 
pigipieeiai, to (eicel the prot^tipg paiepetSt si^^ gun seope fcr the 
ll^oro te|iH4%s ^^WSk Ie^ pQ|Wferf(U eflMs ef the kttar» %td 
ffifhpHt tl^eir i|«j^«tanee it is etwe^t hmol^Si. 

f * \t ^ not wi^tied to di^par^g« fnfilade fire, or to pieise iKmsI 
^ f^^ it9 expense Direct ^le is ^sertoinly inresistiUe where U 
fm le^K^ ; i( will cot tfaiough ^ime parapsts, ruin en^teanes, 
ipd dtt^tspj i^aspniy defences gf eyeiy nature ; bat it mitt boI 
se^e eveiy purpose. Jhftfe is no eYclusive weapon in the 
pci^ce ol^ttad^ ai^d fMei^ce; it is neither vertical, nooehet, 
nor direct fire alone, but a judicious combinati^ ef the three, 
Hl/j^ w4V praye irreiistihle. 

<^ En^(^ rm wUh f ntf ChargM. 

'^Ei^p^ence has proved that anenfikde firewMi thefcll 
91^^99 ^ ppwder may be rem^red extremely ajBBoy|Bg to 
SQlton^ve an^ general lines of defensive works, and witt svesp 
elong them, nis^li^g ms^ bounds* from distoces as great as 
1 filDfi yajpds. Sl:^4l \^^i$»ji^ at the siege of Gibraltar gave great 
fiji^i^ioyavice ^ the ^lJ9nde](S 9^ ^he so^rlioe botween %\ifi Kontsgii 
^d lying's V^tioDs; a^i^ Qenei;^ I>'Arcon coi^fMbied the 
^lure of tl^ Sps^iia^ds t^ main^n this fire with energy on the 
13th September, 1782, to have been a principal cause, ei thfi 
d^Spoflt, of his nw r^ t i mft eflEp^ to. breach the l^ter bastion. 

l^j^gainst single lines, hoi^ov^r, such ^ a fsoe or< ftsffilh ^ 
sljipj^ ftred firom a di^l^co to re^u^e the fuU chwge ^ IMe 
chfim^ i4 strilf UDg t;^ ton^orpWia with precisKon, ^od w^ chansa 
of nvij^ing a 8econ4 boip/dJa N^here the y(ork Vbproperljr twwmak 



AttnmiM^ whUk lUtti wimU far waom pninMHIj diietoy ; 
boridai irUcli» qibmcal cai^ ilf«d firam 94-po«ftdin^ at a^r 
dittaice exceediBir 6W er 7 W yaxda^ to oitfaad^ 
woaUl be ki&iiteljr mon destnetive to the dcfeeden than found 



^ It wodd tfacnfine aaen tint a» meant of gwMnii aanojtfBOi^ 
wbeM aanmnitBOD k abandant, H ia dedraUe to cveet anileda^ 
f«ibalterieowheie¥«tpractkafale within 1,806 yards; bati*K 
Mpeaied that, wbcre oMans aie Hmited, and it ia OBHUtialin 
ancceM to make ikm aust eftgtnni and jndicioan uaa of tbo 
weapons and aBuminitien broa^bt i^ enilade gnn battaries te 
fin k licoGbst dioaU be probihstod bsjrond Hk dislanoe atf eM 
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199.- Ffom the ssntiaiei^ ef thia entineni^ tofinecs^ il 
appeaa tiiat althongb nceebet fiie enjoyed am andanared 
lefiataliony yet,, that, cosibined with diied and vertieal five^ 
the guns sn the faces atf the defensive woriie are, even wfasi 
weU ttavened, liable to be aileneed from a. distance : far, in 
Ibe atta^, (fig« 123;) th* besieger eecupiea the great ave of a 
circle; and tiie besieged a smsll are within it ; so that, aa the 
farmer has a choice of poskien, be can aline hinvelf easilj on 
tiiepcdkmgatisttaof the faces of the ratdinaand baatf ons» wknas 
be can casct hie enfiade bnltesiesn and establish hie dieect and 
moctar batteries in ntna^ona best soked to assist theaa; 
se tfmt the guns on the teiie-pleines e€ the dnfensiire wnrka $m 
eqpoaad %» ft combined fire, that aooA prodnsaa th» eint ef 
shehsming their fire. 

103. Some ei^puieera, at the head of whan standi << JHente. 
Iimiert,*' bane proposed to remedy tiiis ssrions (fisadrantsge, by 
making raulted apartmenta ef masonry far thegan% eoyeied ea 
top by many faetof eart^ so as to be proof against the banting 
of shells ; er 1^ placing the gmis in batteiiea eoveied by eaa* 
pentry woariL and earth, in whicb they luarear cedsin esttnt of 
lange^ eqod In the opening ef the endarasnm, wbila 
enfilade^ rioocbat^ or Toatical fafc^ camBsadi thaatw 
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1D4. Besides the guDii on (Lu lcrTe-|ileJneflof tfae ramparw 
being subject to ihe cambineJ effects of all an eaeiny *s Inatteries, 
the miigaziDes, biuracks, hospitals, storehouseg, &<-., being' 
equally exposed to vertical lire, require to be proof against tbe 
effect of sbclU : for if the works of a fortress were perfect, and 
capable of ofiering a long and powerful resistance, but uopro- 
vided with bomb-proof cover for its ma^&zines, &c,, a bombard- 
ment from a distance of a thousand yards and upwards would 
suffice to reduce tbe place ; against which the assailant would 
not fail to bring a sufficient number of mortars, and the means 
necessary to ensure the full and ruin of such common buildings 
as might be appropriated for any of the above pirposes. In 
treating, therefore, of bomb-proof cover, it is proposed to bring 
under one head all the buildings necessary for a. well-ordered 
fortress, whether it bo to secure the magazines, hospitals, and 
stores, or to furnish cover for batteries of guns, in which tbey 
can be placed in security from vertical fire and bombardment. 

195. Bomb-proof buildings arc usually long, narrow 
apartments of masonry, arched at lop; the outer layers of 
masonry temiinuling at an angle above the arch. They are 
either isolated or made under the mass of the ramparts : in the 
latter case they are called easematet. It would be dangerous to 
lodge the powder in magazines under the ramparts, for, if an 
explosion took place, the rampart would be opened, and a 
breach thns made at once. Powder magazines are therefore 
isolated buildings, of a construction so solid as to resist the fell 
and bursting of shells ; and they should be placed in situations 
as far removed as possible from the fronts likely to be attacked, 
anil surrounded by every precaution to render them as little 
liable to injury or accident as possible. 

196. The dimensions of one of Vauban's principal maga- 
zines are as follow : see figs. 50 and 51. The apartment a. Ir. 
fig. SO, is sisty feet long by twenty-five feet wide ; the interior 
height of the wall above the floor is six feet where Ihe spring 
of the arch beg^ina : the long walls, or pien, a. g,, are eight feet 
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thick, ftmigtbeiied exterioily by four coimterfbrtgy g^ A, &, & / 
the maflomry is three feet thick at the thinnest part of the arch, 
and about eight feet at the angle over the key of the arch. The 
end wafls are four feet thick ; in one is a door and a window ; 
and a window in the other: no iron is admitted into the con- 
struction, the doors and windows being lined with sheet copper : 
tiie floor is supported on lines of small brick pillars, so as to 
keep it dry, and give a free circulation of air under it : the 
magaadne is ventilated by air holes, fu t, f, figs. 50 and 51), 
cut in the side walls, so as to leave a solid die of masonry in its 
cmtre; and being fiuther protected by perforated sheets of 
copper, nothing can be insinuated through these openings. 
Powder being a most delicate agent, and susceptible of imbibing 
atmospheric moisture, every means must be used to obtain good 
ventilation and equal temperature for it 

The powder is usually piled in tiers of three barrels : 
Vauban*s magazine just described will thus hold one thousand 
and fifty barrels, or one hundred thousand pounds of powder. 
As a further securi^, the whole building is surrounded, at a 
distance of twelve feet finom its walls, by a wall often or eleven 
feet in height ; d J, figs. 50 and 51. 

107. The following is extracted from the second vol. of 
Col. Pasley*s Course of Elementary Fortification, page 974. 

*^ In our magazines in the British dominions, the arches 
have never been made so wide as the above (VayihaiCs) ; 
and, therefore, whenever a considerable interior capacity was 
required, the body of the building has generally been formed of 
two or more arches, connected together by intermediate doors 
or passages left in the piers." ^ 



* In two powder magasines of equal length and interior capacity, 
and whose archef are of eqnal thickness, that which is formed with one 
Tcry wide arch is weaker than another formed of two smaller arches ; 
becanse the strength of an arch, like that of a beam of timber, is dimi- 
nished in proportion to the distance between the piers that support iL 
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«< For ezanple, in Upnor mafadniij near ChathtHj iham 
four ardiet, each eiglily-eighl feel long by ninetaea CmI wHb, 
ia Ae dear, with pien four feet thick; abataomiia of Im Aa<^ 
and end walk equal to the pirns in thifkupw The height fiuai 
the level of the floor to the spring of the aichea ia nine Ihet and 
a half i and the latter» which k in the (onm catenarian^* have n 
rise equal to half their span, aie three feet thick. The loM 
depth of maaoniy at the crown of the arch ia aeven feel In 
eyeiy pier there are five interior doon or passages of oaa 
nmnicaiion arched at top, each five feet wide hy seven feet high* 
Each divisko of Ihia magazine has one door and window at each 
endy besides which there k one door in the oentie of each of the 
ahotments or side walla. Tb^pe are twenty air holes iai Ihs 
body of the magaaine; eight of whkb are pievosd in 
walk; besides which, there are sixteen m hdks lea/£a^ 
the outside of the buildifig below the floor. 

'* The roof k formed of paving tUes laid in common 
upon the masoniy of the ridges, the gutters, oidy beug kadsd. 
Thk powder magarinw will hold convemently ahont tan 
thousand banr^ piled in tiers of nine hariek high,^ Thai ii^ 
at ninety pounds per barrel, nine hundred thousand pounds: 
Col. Pasley adds, ** that the construction of Upnor magiBine 
has ia general, been very highly approved,, it being dry and 
coBunodious." 

Besiike the principal powder megarines, there aao smalkg 
ones dktributed amongst the works, tenued tapema magmnmh 



Taaban's plan was therefore explained, not as be(ng a good modef to 
follow ID practice, the arch being certainly too wide, bvC fnom tBs 
cirenmstance that experience has repeatedly proved it to be bomb proof. 
* When a chain is suspended between any two fixed points. It forma 
a paealiar ourre, the chord or spaa of which may bo made to bear any 
glv«n proportion to the height, by incveasing or diminlahfaig tho longlli 
of tiie chain. The eurve thus formed is ealted the catenaflan eanrov 
which, on tompariaon, will be foand to differ very IfttlO' fhem a rafutaf 
paraibolA of the- aana- spaoiand: height. 
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%9 MffVt fw lbt daily tvpMditcif Af th« gaiffiaoD } tlieyarealso 
made bomb proof and of smallef dimaiiaioii% than tke abore, 
Tfc§ Tp^emm ill tb^ pastwis aa c o fig. M, are secure plaoas for 
ai9iiMi|UtiQQ I attbfmf b too ^ remeyed from Uie service of tbe 
gma to tamw^ Ibe f^nipoae ae weU aa an expense mag^azmo io 

)Q8, C(u#aia^ or bomb iiroof apartiaenta for tbe aecooM- 
^tipn of ti^pa, |br beapilals, store^housea, bakeohoosesy &e. are 
eipplni^led under the mass of the raaiparta of anch portions of 
llie worka aa are laosl suited for thaon* Fig. &9 ia a longitudinal 
feeliaib apd Off* 53 a IraQf «ne section, of a caseeaated rampart ? 
tb«^ v^t (41 ^ figi £^8) ramii^ tbe wbole length of the rampart, 
mid baling a bi<^Ktlb (9^» fig. 58) anfficieat ft* the pHrposee fov 
which it 4i wapted ; if for barvacka or hoqutala, it must be wide 
eoQMgh for two nu>gea of aoldieitt* eots or beds, with a passage 
dawfi the eenlre of the iqpartment; if lor a sii^e gun, as 6^ a 
kea bieadlh wiU sniice : in tbe Ibiraer case, Mghteem feet is the 
VMaal widjlh> awl in the latter eleven ojp twehe feel : tbe interior 
eaiUien skipe of the rampart ia suppresaed, and a perpendioiilar 
waH cfoiftcHtsnt alreogtb is aobstitiiled for it. The right hatf 
of fig. 6$^ ia a view of tbe casemates aa seea from the insidiB of 
the weak > each apartme«t baa a door and two windows facing 
inwaidaj and, at the other end, there are either embrasuiee b; 
leop-iheleae; or windows /; acoeirding to ciroimistaBces : the 
ridges. $ $ of the masonry mre ea^refinlly finished, teo d od , and 
eoveaed witb ahingle» before the earth b thrown en, that it may 
be kepA dry, and dsainQd hy the wat^r fipeik 00^ Doors of 
eontmunication^ are made in the piers that separate these vanltedl 
apertmenh^ as well as fir^laoea in dimates that render thea» 
neceasasy^ To he usefid healthy berraeks, they must be well 
i^entilated^ and apt too mnch crowded. 

199. The following paiagrapbs are taken firom Gkilonel 
Peaky^eseoood Yobnate eg a. Cemne of Ekmentaiy Fortification, 
pa9a^871. 
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<< The dimeEDsioiis of toiiie cat^nataty whidi liaTe mftaaStf 
been ezecated, are as followa : 

Ist The casemates in the left denil4>asdon of Foit 
Ricasoliy in Malta, aie thirty-five fset eight inches hmg^ by 
twenty feet six inches wide. The piers are seven feet thidcy 
with two doors of communication in each, and five feet six inches 
high, up to the spring of the arches, which are semicircalar. 
There are embrasures at the height of two feet four inches above 
the floor, the interior dimensions of which are two feet three 
inches in width, by three feet high ; their exterior dimensions 
being seven feet in width, by four feet three inches in height 
The thickness of the scarp wall through which ihey are pierced 
is six feet eight inches. An air hole, neariy vertical, is cut in 
the arch of each casemate, towards the front of it, the dimanums 
of which are one foot nine inches, by two feet, at top, and fear 
feet six inches, by five feet, at bottom. These casemates are open 
in rear, with the exception of a thin wall raised three or feor feet 
only above the floor. Seven of them contained heavy gims, 
which, for the sake of experiment, were fired five or six times as 
quick as possible ; and the smoke was found to go off pretty freely. 

** 2d. The casemates in the King's and Oiange bas- 
tions at Gibraltar have, by long experience, been found good 
healthy quarters for troops. They are all about sixte^i feet 
wide, and of the same height up to the crown of the arches, 
whicb are semicircular. The piers are about five feet thick, with 
a door of communication in each. The King's bastion casemates 
are about forty feet long, and have no openings in the scarp wall 
in front, nor any air holes to produce a thorough draft. The 
Orange bastion casemates are about ninety or one hundred feet 
long, each having two narrow loop-holes in front towards the 
bay, and three vertical air holes cut in the arch, which at top are 
only about four or five inches wide. 

dd. <* The casemates in the new counterguards at Gibraltar are 
sixteen feet wide, and of various lengths, according to the width 



of the nuDpart, whkh is inegnlar. Tbey are aboat six feet higb 
to the apring of the arches, which are segments of ninety 
degrees. They have embrasures in front, and a door of com- 
mmiication in each pier. 

^ th some new casemates, which I am informed hare lately 
been cmstmcted at Gibraltar, the width is eighteen feet, which 
may be considered a more convenient dimension for the accom- 
modation of troops. 

** 4th. The casemates at Cumberland Fort, near Portsmouth, 
have been inhabited for many years. They are each thirty- 
eight feet long by fourteen feet wide : the piers are five feet 
thick, with two doors of communication in each, and five feet 
high up to the spring of the arches, which are segments of 120° 
nearly, their rise being 4 feet. In each casemate there is a fire- 
place, and either an embrasure or loop-hole in front. The 
average depth of the crown of the arch below the level of the 
terre-plein is about seven feet ux inches. The new casemates, 
constructed at Southsea Castle, have also arches of 120°. 

<< 5th. In the casemated cavalier, near the left of Chatham 
Lines, the soldiers* casemates are sixty-one feet long by seven- 
teen feet wide : they are two stories high : the height of the 
lower story is ten feet below the joists, which support the 
wooden floor above it : the height of the upper story is eleven 
feet from the floor to the crown of the bomb proof arches, which 
are semicircular : the piers are four feet thick, with one door of 
communication cut through each of them in the upper story, 
and three air-holes in the lower one : the abutments are nine 
feet thick : the front and end walls of the lower story are sunk 
in the terre-plein of the lines. In both stories are fire-places, 
and the upper rooms have loop-holes in firont, one on each side 
of the fireplace. A gallery of wood, supported by brick piers, 
runs along the whole extent of the lower rooms, the top of which, 
being secured by a proper railing, serves as a corridor for the 
upper story, and is ascended by a flight of steps at each end. 
A gallery of the above description, or raUier one arched over at 



141 

lop, fbt gMittr ^f^eutitft k rtsty tmM in «Q eaisiiMate Mit 
with two storiM ; fbr it not only tflbrdt tltd most ooBreHleMil 
mode of coniMiiiiieatin; with th« flpper story, bnl oOfreo dio fli 
a place of parade for the men in bad weather. 

•* 6th. lo the fertificationsi c oiitiu eied on the WeMem 
Heiifhto of Doy^, the principal cuaematee BUe eetetny-^eren ftef 
Idflg by eighteen feet widd : the piefif ma torn feet ooeia* 
thick, with a door of communication in each» and ei|fht fewl 
bfgli ttp to the firing of the afche^i, which ate p»af>oliei], and 
hate fl rise eqdftl to half their span. There are three fifephieee 
ht each easeikienti and one embrasure in fh>nt. 

** The whole ef the ahore described casemaM, ex«epti»f 
th<M* ef Fort RitaMili, a«er inclosed by a ba<$k waB, having • 
deer end whsdows*** 

200. fn Note &l, Tol. % of 9fr John Joneses SKcges^ thei^ 
le a retain of the sun^ewder of Fort ^ifrbosr^ at Martinlqae^ 
iff 1809/ which is remarked m ** being* a sfslfiiery iffstaaiee el 
a place pHif^Iy ttiKtsry^ afid gatrieMed by good t^aope, iMuaH 
^MiAg vtnder the terrore of a botibai^inkeiif, whilst the works 
lemained entire f* in eonse^eefiee of the << eflbct produced by 
ebelb on the maga^inee^ aawaiiient, aAd aniflery buitdhi^ 

<^The Bfftfsb troops, about nine or teft thonsaiid neW/ 
Itffded on die 30Ch Jaasmaiy, 1800/ And OA tb^ e^eningf of the 
I9th of VehYk^f httd fhfown up batteries, Which opefiedwM^ 
eighleito Morfsur^ #ve howit^Ms, and sinteen gtkm on the ferl^ 
Tbie nvnber of [^eces of Ofdauace, fired itadiscrtmiMtetyltfK)^ 
iAm phu^e till ^e Mthv wb^ew the governor c^pituktfed.^ 

Then feilewa a statem^t of the Aetoed conditioir of thc^ 
iMgaziBes^ artillery, stove^beuses^ amd amsament of thte pkc^,- 
at the nemeirt of sunender, sigMd by a Captain of t^ FieiM 
and of the British Artill^y. 

•* From the staSemeats ef the g&termf on hiisr trial, eon^nied 
by thje report, it appears^ ^af ttvee ttrag^n^ exploded dMOg 
the betalwrthneiil,. that the arehes of thegateWafys^ wei^ brt^iMV 
Arevgh,. and tfaae thwfen w^ gitOA^ ap tht^oe^* appr^lMsioft 
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<yf dw prindpal magAzliiey containing^ three bundled thomtnd 
ponndi of powder, being alio blown op, tlie besiegere* ebelli 
ba?iiig penetrated thrangh some incbes of tlie masonry. 

** Aa tbe arches thus broken throogh and damaged are 
stated to hare been of the costomary thickness of three feet, it 
woald be natural to conclade that such thickness is not saffident ; 
but a thonsand instances attest, that a well-tumed arch, of three 
fcel in thickness, of the span of eighteen feet, resting on 
sufficient f»er8, and being corered with five feet of masoniy and 
earth, will resist the heaviest shells : at least, the magazines of 
Vauban, of nearly nmilar dimensions, were always found suffi- 
ciently strong in the war of succession, and at the sieges 
between 1744 and 1748. 

** The strength of masonry is far greater in southern than 
in northern climates*, whilst the concussion produced by the 
fall of shells at equal distances and of equal weights, must be 
the same in all climates and in all ages: why, therefore, do 
arches of magazines gire way more firequently now than in 
former wars? It can only be accounted for from the fact, that 
in proportion that one shdl was fired into a place in those days^ 
we in our bombardments throw fi% into a place. Substance 
is now required much beyond that essential for strength. It is 
not sufficient that an arch have all the requisite proportions to 
resist the shock of the heaTiest shell, and the piers of a force to 
bear it op, or the roof a pitch to keep it diy ; it must also have 
bulk over if to admit of the repeated abstractions of sdManee, 
caused by nunerous shells strikingit in nspid succession. Each 
sh^ blows awi^ a portion of the covering of the arch, and if 
their fall be so continoous as to prevent fkesh covering being laid 
on, they speedily penetrate to the masoniy; after which each 



* Tbe aatbor (Sir John Jones) once bad in his pot tession s 
randnm, made on tbe spot by an officer, tbat an arcb of eigbteen feet 
•pan, and two feei nise ioches thick, without any covering, resisted two 
•bockf of thicteen-lBeh shells saoeessively, at Ibe tlege of Fort George 
kiMiaorca* 
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•bell canries away two or three inches of the thicknen of the 
brickwork, and in a few rounds the equilibrium of strength of 
the arch is destroyed. As soon as that is effected, a shell 
striking any part of the surface, shakes the arch through and 
through, and after a time it is broken down."* 

** That a bomb proof arch should be kq>t extremely wdl 
covered, is therefore fully as important to its lesistanoe, as that 
sufficient dimensions be g^ven to the arch itself. Ofltoersin 
future, must take precautions against the increased use of artillery 
of the present day, and no longer trust to dimensions derived 
from the experience of the wars of Lewis XIV. In small places, 
like Fort Bourbon, no magazine should have less than eight or 
ten feet of masonry and earth over its arch ; and every governor, 
during a bambardment, ought most sedulously to enforce the 
immediate restoration of every portion of earth blown away by 
the fall of shells.*' 

201. From these recorded sentiments of Colonel Pasley 
and Sir John Jones, it would appear that Vauban*s dimensions 
are two weak to be trusted to for isolated powder magazines, 
under the present encreased effects of vertical fire ; and that when 
circumstances admit of having their roofs covered with seven or 
eight feet of earth above the masonry arches, it is a safer con- 
struction than plain masonry of sufficient strength : for a shell 
falling with its full gravity^ penetrates about three or four feet 
into the earth ; therefore, if the arch of a powder magazine can 
be thus covered, the shock of the shell falling on it will be greatly 
deadened ere it can reach the masonry : and, if the defenders be 
on the alert to fill up all the holes as soon as they are formed by 
the falling and bursting of shells, the bomb proofs can thus be 
rendered quite secure. 

But when a powder magazine has to stand alone without any 
covering of earth, as that of Vauban, represented in figs. 50 and 

* A heaTy sb^ll, falliog on a bomb proof arch well co?ered with 
Mirtb, has been known to ^ause such a concussion as to make wine 
glasses jump off a dinner table in a casemate, without injury to the arch* 
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51 ; the masomy in ^e tfaimiefliC part of the arch should he four 
feet ; and over the crown, nine or ten feet ; with piers of sofficient 
strength to support the arch ; and, in moist climates, of a steeper 
pitch than Vauhan^s. 

202. It now remains to show the parts of the works most 
suited for the construction of casemates: and for that purpose, 
it is necessary to remark that, when the enemy has established 
his breaching batteries against a rev^ment, where the rampart 
behind it is hollow from casemates, as soon as a breach is formed 
and the arch and piers of the casemates destroyed, the mass of 
rampart and parapet above them, will sink down and lay open 
the space within, to the level of the ground. It is true that die 
breaching batteries may find some difficulty in destroying good 
strong arches and their piers, but when done, the evil of the 
whole of the ground behind the casemated rampart being quite 
exposed, is very great. It is therefore recommended to construct 
casemates under such parts of the ramparts as are the least 
exposed to be breached. 

Now, on a regular front, provided with a good tenailte, the 
face of the bastion is the only portion of the enceinte, the rev^te- 
ment of which, the enemy can see sufficiently low down to make 
a practicable breach, (paragraph 62) • The flanks and curtain 
are therefore the most eligible for casemates ; where these apart- 
ments can be made under the whole breadth of the rampart, and 
have loop-holes or windows in the escarp, which will give 
them a healthy ventilation ; for the tenaille would prevent an 
enemy seeing these openings: see fig. 86, ooo, the casemates 
in the Hank and curtain covered by the tenaille (. (The left half 
bastion of fig. 36, is empty, and the right half is full). 

Casemates are sometimes made in fiiU bastions, as a 6 c ^g. 36, 
and also to run partially through the rev^tement of empty 
bastions, as df fig. 36 : but in these cases, the bomb proo& are 
never so pleasant or healthy for troops, for want of ventilation, a^ 
when made, (as seen in fig. 52), to run through the whole of the 
rampart : nevertheless, when the rev^tements are exposed to be 

h 
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toeaehed, it is bettor to have a aoUd mass f e. fig. 96, bebind the 
wall, than to have the caaemate through its whole length. 

Cavaliers being covered in front by the fiieea of the bafltioiis» 
afibrd the means of making good casemates nnder tbeqii* especially 
when the rampart of the cavalier follows the windings of the 
faces and flanks, leaving the interior hollow; aa then the 
casemates can be easily ventilated by being made through the 
whole width of the rampart. The curtain cavalier, mentioned in 
paragraph 155, offers an excellent situation for the construction 
of good casemates; see fig. 22. 

When bastions are covered by counterguards, as seen on 
the bastion a, fig. 25 ; or ravelins by countwguards, as f, fig. 25 ; 
so that the enemy's iHreaching batteries on the covered-way 
cannot see their rev^tements; their ramparts are proper for the 
construction of casemates: likewise a great portion of the 
lampart of the ravelins in fig. 27, which are covered by the 
lenaillons and demi-tenaillons* 

The inaccessible fronts of a fortress, especially when fiicing 
the sea, are choice situations for casemates, as barracks, 
hospitals, kc* 

* Casemated batteries having the terre-pleine of their-ramparts aboTe 
crowned with gnns en barbette; or rather on traTersing platforms, 
(Defisition 88), are formidable defences for the entrance of ports, har* 
boars, riTers, Ac. i especially when they have an elevation soperior to 
tkst of the decks of ships passing them: but in deep water, where 
■blps can approach near to batteries, d /ieur d ^eau^ or level with the 
water, they can concentrate sach a heavy, near fire, on a single point, as 
|o overwhelm the landsmen, and drive them from their gans. 

If the natore of the coast doeis not permit ships to nin np alongside 
a land battery, very few guns will be an overmatch for a line of battle 
ship ; for every shot from the land battery tells on the wooden walls, and 
if r«d-bot shot (with the means of obtaining which, land batteries on the 
coast are usually provided), a very few rounds may serve to decide the 
contest : here the guns are carefully pointed through, or over, earthen 
parapets, and incorrect practice is quite inexcusable ; but whole broad- 
•Ides fired from ships of war, from unsteady platforms consequent on the 
motion of the ship ; and from five, six, or seven hundred yards distsoce. 
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With rasped to caaemated batteries their situation must 
depend entirely upon where they would be nioet useful : that ui, 
whepe they are wanted to flank ditches, eauaeways, he, that 
would otherwise be without a proper defence. 

■mst, of aeeeifity, be q«lte uncertaiB* Thii has been abundantly pro? ed 
4«dn|r tbe laat war. In note 48, second yoI. of Sir John Jonet*s Sieges, 
it is related, tliat '* Sir Sidney Smith, in the Poinpee of eighty gans, 
with two frigates, anchored ahout eight hundred yards from a battery of 
two gnns on the extremity of Cape Licosa, and protected from assault 
by a tower la which were twenty-fiYe French soldiers, commanded by a 
lieatenant The line of battle ship and the frigates 6red sueeessiT^ 
broadsides till their ammunition was nearly expended, the battery con- 
tinoally replying with a slow but destructire elTect. The Pompee, at 
which ^ip alone it directed its fire, had about forty shot in her hull ; 
her mixen top-mast carried away ; one lieutenant, one midshipman, Hjb 
»en killed, and thirty men wounded : at length, force proving inelTectual, 
neg oeiatioB wm resorted to ; and after some liours* parley, the officer, 
a Gortican and relation of Napoleon, capitulated. It then appeared 
tbal the ^rriage of one of the f wo guns had failed on the second shot, 
and the gun had subsequently been fired lying on the sill of the embra- 
Bare; 90 that, in fact, the attftcli of an eighty gun ship and two frigates 
bad been resisted by a single piece of ordnance/* The pupil is referred 
to this note, which shows ** that the comparative efi'ect of fire from ships 
afloat* or from batteries ashore, is altogether dependant on distance.** 
Another instance of tbe superiority of a land battery over a ship is 
detailed in the United Service Journal, No. 40 ; " The small army 
that, ander Lord Lynedoch, advanced towards Antwerp, early 1814, 
established a post in a head formed by tbe Polder Dyke, at some distance 
below Lillo, The place is called Fort Frederick, though showing no 
appearance of fortification beyond the barely visible site of two embra- 
sures; one of these was at a right angle with the course of the river, 
whilst the other looked diagonally up the stream. A long eighteen 
pounder waa placed in the first, and a five and a half inch howitzer in 
the second. From this post the French determined to dislodge us; and 
00 a Yeiy fine and calm morning, an eighty-four gun-ship dropped down 
with the tide, and anchored near the Flanders shore, alliout six hundred 
yards from the British battery : by her position she was secured from 
the 9re of the eighteen pounder, and exposed to that of the howitzer 
only. As soon as every thing was made tight, her broadside opened ; 

l2 
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In the citadel on the western heig^hts of Dover, the parapets 
are solid, and without embrasures, the guns being mounted on 
trarersing platforms (definition 23) ; and the ditches chiefljr 
defended by cascmated batteries ; the embrasures of which are 
so near the bottom of the ditch, that to prevent access to them, 
an additional cut or drop is made in the ditch before them. 

It may be remembered that the left branch of the horn work 
(fig. 28) is of an equal depth from 6 to i, and that it is proposed 
to defend it by a easemated battery t, the entrance into which is 
firom the counterscarp of the ravelin s ; and without this provision 
the ditch of the branch would be in a great measure undefended. 

203. The engineers who have advocated, and written largely 
on, the advantages of covering both g^unsand mortars in case- 
mates where they can act undisturbed by either the vertical or 
ricochet fire of the enemy, have generally pushed their favourite 
theory too far, and fallen into complicated and expensive con- 
structions in order to obtain their object. The splendid case- 
mated S3rstems of General Montalembert are too extensive to be 
more than cursorily noticed in a treatise of this nature ; and the 
more recent easemated method of Count Camot, for vertical fire. 



and if noise and smoke were alone sufficient to ensure success in war, ai 
so many of the modems seem to think, the result of this strange contest 
could not have been long doubtful : for the thunder of the French artil- 
lery actually made the earth to shake again ; but though the earth shook, 
the single British howitzer was neither dismounted nor silenced ; and 
though the artillerymen could not, perfectly exposed as they were, stand 
at their gun whilst the iron hail was striking thick and fast around, yet 
no sooner did the enemy's Are slacken for a moment, than they sprang 
to their post, ready to return at least one shot for eighty. This extra- 
ordinary combat lasted from seven o'clock In the morning till twelve at 
noon, when the French ship, having had forty-one men killed and 
wounded, her commander being in the list of the latter ; and having, 
besides, sustained serious damage in her hull and rigging, returned to 
whence she came, without effecting any thing whatever ; for the howitzer 
was not dismounted, the fort was not injured, and the British lost only 
one man killed and two wounded.** 
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is flofflciently exposed in a luminous note in the second volume 
of Sir John Jones*s Sieges : in this note, however, there is the 
following remaric : ** but if he (Count Camot) has failed in 
tradng a perfect front, founded on the basis of Montalembert*s 
system of casemated and reverse fire, he has by the attempt 
rescued a valuable suggestion from unmerited neglect on the 
continent, and rendered an important service to science, by 
directing the attention of military men to the means most likely 
to create a barrier against the growing powers of the attack.*' 
From this it would appear that Sir John Jones looks to a good 
casemated system as the probable means of neutralizing the 
powers of the attack ; and, if this mode of defence be extensively 
aj^lied, it will naturally lead to a tracing different from that of 
the bastion system. As a single instance of this kind, suppose 
the flanks of the bastions (in fig. 14) to be armed with casemated 
batteries ; the tenaiHe must then be suppressed, else it would 
altogether mask their fire ; neither would there be any necessity 
for such a length of curtain (paragraph 26), as the guns of the 
casemated batteries on the flanks would be oidy a few feet above 
the level of the ditch, and could easily defend it. Now Monta- 
lonbert, in hh syst&aitejuiiHe ctuemaUe^ proposed to suppvess 
the tenaille and curtain (as in fig. 37) ; to prolong the faces of 
the bastions ; and to join them by the two flanks to the faces of 
the redoubt of the ravelin : one hundred toises of rampart will 
thus be saved; the flanks will be better covered than they 
are in Vaubaa's systems, the fire will be more certain, and the 
line of defence will be shorter. But, if the same line of defence 
be preserved by prolonging the faces^ an exterior side of three 
hundred and sixty toises cdsa be obtained, which would enclose, 
as an heptagon, a space equal to a dodecagon of one hundred and 
eighty toises exterior side ; from which would result, with an 
equal defence, an economy of one thousand three hundred and 
thirty-six running toises of rampart of the enceinte ; to this add 
the suppression of five demi-lunes and their redoubts, making 
a total of eighteen thousand nine hundred and twenty cubic 
toises of masonry^kss than in a dodecagon. The author then goes 
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oiilo mMUipIy his works, ami apply the masonry econoniisM fa 
a beaiililii) syatem of casemati-s fi>r battcrins and acrammodalion. 

This hint of the nature of a casemaled system 1b sufficient io 
show that it would be impoGeiblo to enter upon the consideration 
ofit here ; anti as existing forlreRses are laid out in the basliun 
method, it is of less conswjuence. Those desirous of further 
information are referred to the works of Montalenibert and 
Carnot. In Mandar's fortification, there is an interesting sketch 
of the eoustniction of the former. 

2)M. Casemated batteries are objected to, 

1st. Because they weaken the rampart nnder which they 
are constructed ; and that, whu'n their arches are ruined 
by the breaching batteries of tbe assailant, the whole mass of 
rampart and parapet above sinks down into the casemate, and 
exposes the interior of (ho work. 

Tliis is Inie, and has been already noticed. 

2d, Because, in firing-, the interior of (he casemate is so 
Boon filled with smoke, aa necessarily to njnder the practice »ery 
slow, that time may be giTen to allow the smoke to clear away 
belween each round; otherwise, the gunners would be forced to 
leave the casemate. In answer to this objection, it is said, 
casemated batteries are recommended to be made open in the 
rear; and when so, as well as beingprovided with good ,tir holes, 
the smoke clears away quickly enoi^h for all necessary purposes. 

By paragraph 190, the casemates at Fort Ricasoli, though 
partially closed in rear, allowed the smoke to go off pretty freely. 
If this evil were as great aa is generally asserted, when proper 
ventilating precautions are taken, how conld quick and correct 
firing be carried on in ships of war ? 

3d. Because the splinters detached from the cheeks of the 
embrasures, and from the interior walb of the casemates, by an 
enemy's firing at and through these embrasures, are very des- 
tructive to the men serving the guns. 

This is, indeed, a most serious objection ; for, if casemaled 
gims can command the country, they can also be seen from a 
distance ; and, as the choice of position is wllh the uaailant, he 
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fm iMilily iltid dtaAlions for hit battaries, whoiee his gont oia 
•ee the cheeks of the casemated embrasures, though the gans in 
these casemates cannot be farooght to bear npon him i the assail- 
ant can thus batter the cheeks with shot that will probably 
boond through the embrasure into the casemate, to the destruction 
of the gunners. Of the evil resulting from this the following 
quotatkm from Sir John Jones's Sieges, roU ii., is ample proof. 
It fsfm to the attack and capture of the castle of Scylla, in 
ISOO, by part of Major General Sb John Stuart's army, then in 
Calabria, in conjunction with Sir Sidney Smith, in the Pompee 
of eighty guns. 

*' On examining the interior of these casemates, whilst the 
terms of surrender were still copying out fiiir, and| consequently, 
before steps could be taken to clear or purify the castle^ it was 
altogether surprising to observe the mischief which had been 
produced by shot which had deflected from the cheeks of the 
em b r a s o rtS, and entered the casemates. 

** To judge from the indentations on the walls, and the 
ttiarfcs of slaughter and destruction which etery where presented 
themselves, a direct fire into a casemated embrasure of the usual 
construction must render casemated batteries untenable : indeed, 
in this attack, the French loss was chiefly by shot, which entered 
at the embrasures, and passed through the rear of the casemates. 
Such batteries should, therefore, be confined to situations where 
the embrasures can only be seen in the direction in which the 
guns they shelter can be pointed ; or else the engineers ought 
to guard against this action of shot deflected from the cheeks, in 
th« eonslniction of the embrasures, which surely would not be 
difficult to accomplish where the fire of the batteries is, as in 
tnost Works of dethn^e^ for a ^^ecific and limited object. Or, 
perfaaps> it would prove more efiectual, and it might be accom- 
plished in most situations where direct fire only is required, such 
as on a causeway, the entry of a port, or a particular tongue of 
land, to caose the gun to fire through a seeond opening made in 
aacnen in its front, and then no shot eould by any possibility 
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strike the embrasure, unless fired perp^diculariy to die twe 
•penings.'' 

205. With r^ard to blinded batteries, it is nieidy 
pK^xwed to state what they are, without dwelling upon their 
construction ; to blind a battery, is to drive a line of strong 
wooden uprights Into the earth, running back about eighteen 
feet from the crest of the parapet, between every gun ; these are 
a few inches higher than the crest, and connected at top by strong 
iMams, on which a floor is mtfde, sufficient to bear up a covering 
Hiaas of earth of about four or five feet thick : this roof projects 
over the necks of the embrasures about six feet, being well 
festened to the merlons: so as to form a complete cover for the 
guns -and gunners; open in the rear; and, if not exposed to 
enfilade or ricochet, open likewise, at the sides, to obtain a 
leady ventilation for the smoke. 

From what has already been said of the efieets of shells, and 
the strength necessary to give to arched noh of masonry, to 
withstand their shock, it is clear that the roofe of blinded 
batteries could not resist the fall and bursting of bombs : as bomb 
proof cover they are therefore defective : but in low situations 
on a river or the coast, they are efficient to protect the gunners 
ag;ainst the fire from ships' tops in passing the battery* 



CHAPTER IX. 

Mining; blasting : defensive advantages to be drawn from waier* 

206. Mining. That the subject matter may be as little 
interrupted as possible, it is proposed to begin with the following 
definitions of such terms, as are commonly used: they are 
numbered for the benefit of references. 

One. The subterranean excavations that are made under the 
ramparts, ditches, and glacis^ in order to retard the eaemif 
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hy blowing up his lodgmentSy or troops; are coimfemiifies-: 
those used by the attacking party are called mines. It is better 
faowerer to designate them by the terms defemive and offensive 
mines. 

Two, The recess in which the powder is lodged, is the 
duimber : and the passage leading to it, is the gaiUry, 

Three. Galleries are of three kinds : either great gaUerie^^ 
gedleries, or snudl galleries^ according to their dimensions. 

A great gallery is seven or eight feet high, by fire or six feet 
wide, in the clear. 

A gallery is six feet high, by four or fi?e feet wide. 

A small g^lery is three feet broad, and about four feet and 
a half high, 

In the first, three or four men may pass each other; in the 
second, two can pass abreast of each other, walking uprightly : 
the last is intended only for one man at a time to pass, and he 
must stoop. 

In prepared countermines, the galleries are lined and arched 
with masonry. In offensive mines they are supported by timber 
firames and planks. 

A galleiy frame b of an oblong shape of stroi^ timber, like 
a dooi firame ; the long uprights are the stanchions ; the upper 
cross piece the capsUl; and the lower cross piece, the groundsill: 
these frames stand a few feet from each other ; and the top and 
sides of the gallery between them are supported by roofing 
plankSf or top sheeting ; and side planks^ or side sheeting. 

Four. The chamber is usually of a cubical form ; and is 
made a little larger than the coffer or powder box containing the 
powder : there always must be a passage or gallery leading to the 
chamber ; and on firing the powder, its explosive force would 
find vent through this passage were it not blocked up: this 
blocking up of the gallery is called tamping: it is done by sand 
bags, rammed earth, beams of wood, &c. ; to an extent sufiicient 
to create a greater resistance to the elastic force of the fired gUDi. 
powder^ in the direction of the galleiy, than it would experience 
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in the difeetioii of the enemy*8 worki to b« blown tip. The 
ehtmber is not made on the line of the eztreinitj ot heed of a 
gsllcry ; but a branch or email g^allery it ton out a few feet fight 
or lefty as required, and the chamber formed at its heady (as in 
fig. 50 : 6 the branchy c the chamber) : the tamping then fills up 
the branch, and the struts that secure it, are firmly fixed against 
die outer Side of the gallery. When the chamber is thos fbtmcd, 
the action of the fired gunpowder is not so great towards the 
gallery, as if the powder were lodged in a chamber directly at 
the head of the gallery. 

Five. Through this tamping, runs a piHoder hoit or 
MUctMOfi, to communicate from the charge to the spot from 
which it is to be fired : this train or hose is generally lodged in 
a wooden case or au^i to preserve it from damp or injury. 

When ready for explosion ; that is, the charge in the coffer 
box ; the tamping completed^ and the train laid ; a piece of port 
fire of sufficient length is attached to the end of the hose, which, 
taking some minutes to bum, allows the man that lights it, to 
escape. 

Six, If a mine ^, fig. 56, placed at a certain depth, in 
ground of equal tenacity, be feebly charged, its effect is confined 
to an interior spherical rupture, the radius of which is propor- 
tional to the charge : this smothered mine m no, is what miners 
call a camouJUt, and is used in subterranean war, to stifle a 
neighbouring enemy at work, or to break in his gallery, without 
affecting the upper surface of the ground. 

Seven, If the charge be sufficient, the elastic fluid generated 
by the explosion, experiencing less resistance above than laterally, 
will raise the earth and form a funnel or crater ; the radius of 
which will depend upon the charge. A line drawn firom the 
centre of the charge to the nearest sur^ce where this crater 
Would be formed, is tha line of UaH r^mtonce, as a 6, fig. 57. 

j^t^^. When the charge is sufficient to produce a crater, 
the radius of which is equal to the line of least resistance, it is 
kn onfmofy d^rgft, as 6c=:a6, fig. 57; or the diameter erf is 
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double the line a6 : it is alio called a (wo^UMdekarge cmi etateft 
Shoatd the charge gire a crater, the diameter of which is equal 
to three times the length of the line of least resistance, it is a 
lAf ee-Zintd ckarg% and crater ; and so on* A mine loaded with 
a Tery great charge of powder is termed a ghhe ofcomprution. 

It is said that a charge which can produce a six-lined crater 
will mill galleries at a distance of even more than fbiur times the 
length of its line of least resistance. Globes of domptession are, 
therefore, more resorted to hj the besieger than the besieged, 
in order to destroy the galleries of the defensive mines* 

Besides the visible effects of the discharge of a mine, as 
shown by the shaded crater dab^ %.67^ the disturbing or com- 
pressing effects of it on the adjoining soil may, when that soil is 
of common tenacity, be represented by the elliptic ccfgd^ 
^» 57 ; and, in an ordinary mine, the dimensions in this figure 
Would be (taking the line of least resistance as 1) 

ab=:\: ag:=:\'7: afzzVS: dc=L% 

In fig;. 58, let the shaded crater dac represent the maximum 
epening produced by a mine charged with twelve times tiie 
quantity of an ordinary mine ; the compressed ground (and hence 
the name globe of compression) is shown by the curved line 
dgf96t this compression, in the direction a/, increases but 
little with the increase of charge ; but laterally, towards g and e, 
it extetids considerably as the charge is increased : in this case, 
taking the line of least resistance at 1, the dimensions would be 
as follows : 

afcnl: ag:=:4'6: af=:l'4: Jc=:6. 

The small mines usually employed to defend the unflanked 
ditches of field works, Sec., and which are sunk from three to 
eight feet below the surface, are termed fougasses. 

The labour of constructing a gallery and chamber for a fougass 
is generally dispensed with ; and a trench is sunk from the 
soriace, the charge is laid in it, and a saucisson, or powder boso^ 
conducted fironk it ; and the earth is filled in again. 
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Nine. In the constnictioii of a system of ^efensir^e mliiea^ 
k is usual, first, to trace the width and direction of the gallmes 
upon the surface of the ground ; and then to sink square or 
rectangular wells or shafts^ to gain the required depth. The 
ground underneath the covered-way and glacis is divided into 
eompartments by the galleries that cross and traverse each 
other ; and the shafts are usually sunk at the spots where the 
galleries are intended to intersect ; that, in driving thegcLUerieSf 
in the required direction, from the bottoms of these shafts, the 
miners may have the benefit of as much air as possible from 
them. In driving a gallery, the air becomes so bad at eighty or 
ninety feet, that candles will not bum, and the miners cannot 
respire. Should miners be working towards each other in the 
construction of a system of mines, the shafts should not be at a 
greater distance from each other than twice the above ; that is, 
about one hundred and sixty or one hundred and seventy feet 
from shaft to shaft. 

In a system of countermines, the entrance into the main 
galleries is usually through the counterscarp rev^tement, which 
is more convenient than shafts, and affords more light and air.* 

207. A system of prepared countermines upon weak fronts, 
if known to the assailant, may influence him to form his attack 
against stronger fronts, rather than encounter the delays of a 
subterranean war, in which he cannot proceed with his offensive 

* At the field engineer department at Chatham, Colonel Pasley has 
introduced a method of ventilating galleries of any length, by forcing 
air from a pair of bellows, made of a cylinder of pliable leather, into a 
long pipe which is conveyed to the head of the gallery : the bellows is 
about a foot in diameter and a foot in depth, having a circular woodtn 
top and bottom: the air enters by a valve in the wooden bottom, and is 
forced into a pipe attached to one side : to this pipe, others of leather, and 
from three to five feet in length, can be fixed on successively, liaving tin 
tubes at each end, tapered to fit tightly into each other ; these pipes are 
about one inch and a half in diameter, and being always led to the bead 
of the gallery, fresh air is pumped in continually from the bellows, wbicb 
is worked at the shaft. 
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works above ground until he has felt for the countenninesy and 
secured the gpround below*. And although the powers of the 
attack in this branch of warfare are greatly superior to those of 
the def^mce, in consequence of the effects of globes of compressiony 
as well as the discovery that an excess of charge will do away 
with the necessity of putting the usual weight of earth over the 
powder, and thereby save much labour in the construction of 



* In fig. 29 the imall circles XyX^xx are intended to show the conn- 
terminet, prepared by the French engineers, to aid in the defence of the 
moit aeeesfible fronts of Badajoz, when this fortress was attacked by 
the Dake of Wellington in 1812. The French commanding engineer. 
Colonel Lamare, in his relation of the defence says, with reference to 
fronts ka,ab\ ** And as there was reason to suppose that they would be 
diosen in preference as the point of attack, we prepared in front of them 
every means of defence, which the time and our resources could afford. 
For this reason we formed galleries and branches xxxtX each salient 
of the ooonterscarp. In order to be able, in case of necessity, to form 
mines under the breaching batteries, and afterwards to sink shafts for 
other mines in the terre-pleines of these bastions, for the purpose of 
destroying the works in proportion as the enemy should gain them, and 
leaving only a heap of ruins if he should succeed in making himself 
master of the place, after the garrison should have retired into the 
castle.'* In the relation of the attack on this occasion, by the English 
engineer, Colonel Sir John Jones, at page 108, vol. i. of his Sieges, the 
following sentences are found : ^* On reconnoitring the place, it was found 
that the French had strengrthened it very considerably since the attack of 
last year," &c. &c. — **They had also countermined the three right 
fronts,*' &e^— ** And without miners, without mortars, and having only 
inexperienced sappers, and a most inadequate number of guns, to attack 
the sonth fronts, which were countermined, and would necessitate three 
or four lodgements being formed, could not be recommended.*' 

Here, then, is one fact in confirmation of the above assertion, that 
countermines on weak or accessible fronts, have sometimes the effect of 
inducing an enemy to form his attack against fronts more formidable or 
diificult of access ; as in this case, from want of an efllcient siege 
establishment to attack the most open fronts, the British preferred 
attacking the eastern fronts tf^fg covered by the strong redoubt Picurina, 
the ftream Rivillas, and its inundation. 
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^tmiv^ glJkri89 ; yM countermines call for the oj^ecotioo, tod 
^Qnsfquant delay, of all iheae offensive meana. 

308» Maaara* Oumperts and Lebnip, m thair excidknl 
tiaaliaa oa minea, have clearly abown» that defenaiva bubm 
ahould be aituated in the same plane, or nearly on the aamo 
la? el, below the aurface : that ainee the invention of globea of 
egmpreaaion, the ayatema of having minea on diflbient levela am 
no longer applicable* These complicated and expensive ar- 
rangem^nts, of having different stages of mines under the 
^emy*8 feet, were intended to overthrow the same ground 
aeveral timea : but aa globes of compression can destroy galleriea 
at a diatance equal to four times the length of their respective 
lines of least resistance, several of these stages would assuredly 
be destroyed from one explosion of a surcharged mine, or globe 
of compression. The opinion, however, of these engineers that 
the galleries should be so far below the surface as to prevent an 
ao^ipy gotting beneath them, is not so much approved of; since 
galleriea at a moderate depth are not more ex^ioaed than by going 
lower, while they secure a triple advantage : 1st, economy in tlie 
consumption of powder; 2d, as they can be constructed by 
sinking trenches down to the required level there will be less 
labour, and when charged they will require less tamping ; 3d, 
the facility of keeping the galleries dry, by the slope that can 
be given to them to the rear. 

For these reasons it is proposed in this treatise to explain 
a aystem of simple countermines, placed at a moderate depth 
below the surface of the ground. 

209. Description of the galleries. The principal, or ma-^ 
gislral gallery, or, as it is more frequently called, the gaUery of 
thi CQunterscarp, which serves as the base of a system of coun- 
termines, is represented in fig. 50, by the double shaded line 
A B C; that which is parallel to it, and beyond it, D E F, \% 
(lie envelop gallery ; those that connect these parallel galleries 
as m n, are galleries of communication ; and all those pusb^ 
into the country beyond the envelope gallery, ^ q q q, ili« Us^ 
iening galleries. 
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910. Ths eountirtoafp, or magishral galkry. Its iitoation 
in MMne systems is immediately under the banquette of the 
eofend way ; in others, under the terre-pleine of tlie covered 
way ; and, in some, immediately behind the counterscarp re- 
T^tement: the last is graerally considered the best situation 
for it, (as seen in figs. 50 and 60) : as masonry is thereby 
economised, for the rev^tement itself forms one side of the gal- 
lery. The gallery also is better lighted and aired by the doors 
and loop-holes looking into the ditch, (see fig. 60) ; and, lastly, 
it is as Aur removed as possible from the terrible efiects of the 
enemy's globes of compression. In this situation it is more 
especially called the counterscarp gallery. 

In the construction of the counterscarp gallery the reT^te- 
ment is usually built without counterforts, as in fi^. 60 ; but it 
becomes necessary to thicken the portions of this wall that 
have to support the pressure of traverses, as at < < ; so that the 
gallery is not in one continued line, but passes immediately round 
the back of the counterscarp rsv^tement, following its shape. In 
the thinnest part of this rev^tement, loop-holes are pierced in 
order to get a reverse fire of musketry into the ditch, as well as 
to light and air the gallery. Strong massive doors seaire the 
openings into the ditch, through the counterscarp ; these are 
made opposite to the galleries of communication. Small maga- 
zines, a 0, fig. 60, are formed in considerable numbers, principally 
at the entrances of the galleries, to contain the miners' tools, 
timber for ibrming branches, sand bags, &c., used in tamping ; 
the best and driest of these recesses are used as magazines for 
the powder required for the mines. 

The coanterscarp gallery has always the dimensions of a 
great gallery, (paragraph 206, three. J 

211. Th€ envelope gallery^ DEF^ in fig. 50, is intended as a 
base, from which, to run out the listening galleries, even beyond 
the foot of the glacis ; but in this continued form, the envelope 
presents its outline or side to almost certain destruction firom the 
enemy's globes of compressioi) : suppose gg^ fig. 50, to represent 
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tbe 60e<±i of two of the enemy's surcharged mines, that desttroy 
the portions of the envelope at m, m, within their influence; 
the part, sp 5, of the envelope, is no longer of any use to the 
besieged, there being no communication to it ; besides which, 
should any of the miners have been at work in it, they will be 
buried alive : the assailant also will clear away the rubbish 
from the crater of his mines, and penetrate at ss, into this 
ready made gallery ; which will be very useful to him. The 
envelope gallery when made in a continued line, is not so much 
approved cif^ as the construction of portions of it, at the 
extremities of the galleries of communication, from which to posh 
on listeners. 

The portions of the envelope should have the dimensions of 
galleries; (paragraph 206, three), 

212. Galleries of communicatum. Fig. 60, b 6, are always 
fiormed ; whether the envelope be made as a continued gallery, 
or as portions of galleries : and, that they may answer their 
name and purpose, they should have the same dimensions as the 
envelope gallery. 

At certain distances, grooves are made in the masonry walls 
of these galleries, (as h 6, fig. 60) in order to interrupt the com- 
munication by a barrier of beams and sand bags, when the 
enemy has gained the envelope gallery ; and when pressed fur 
time to Bie a mine, these little barriers assist in the tamping. 

The extremity of each gallery of communication should be 
fiimished with a strong door to enter the envelope ; the wall, 
right and left of this door, should have loop-holes for pistols, 
looking into the envelope; that, in case of the sudden irruption 
of the enemy's miners into the envelope, there should be the 
means of defending the galleries of communication. 

213. Listening galleries are to enable the defenders to 
advance under ground, to the foot of the glacis, or even beyond 
it, in order to discover the enemy's miner at work, which is done 
by boring a hole in the earth with an auger in the suspected 
direction, and listening attentively with the ear applied to the 
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toil ; by han^ng up a sheet of iron to different parts of the 
gallery with the ear close to it ; or by placing hard peas on a 
^bnunhead and watching whether they vibrate : these means will 
discover an enemy's miner at work in earth of common tenacity 
at a distance of ninety feet : consequently, listeners should not be 
fiurther from each other than one hundred and eighty feet, that 
an enemy may not be able to run a gallery between them without 
bdng heard : but this is not the only consideration that regulates 
the distance at which the listeners should be from each other ; for 
these galleries, besides giving notice of an enemy's approach, 
are intended to be useful in the active subterranean defence, by 
forming mines, either in them, or in branches run out from them. 
For example, let the two consecutive listeners, in fig. 61, have a 
line of least resistance of eighteen feet, then, if they be thirty- 
six feet apart, they will raise all the space contained between 
them, as shown in the figure, where the two circles represent the 
months of the craters: but it is to be remembered that the 
compressing effect of such ordinary mines, extends laterally to 
more than once and a half the length of the line of least 
nesistance, (paragraph 206, eight) -; therefore, if the listeners be 
about fifty-four feet a part, with a line of least resistance of eighteen 
feet, an ordinary mine, in each, will destroy any gallery an 
enemy might attempt to drive between them : and should the 
charges have diambers formed for them in returns, as recom- 
mended, (in paragraph 206, /our,] and as seen at rVj fig. 02. it 
will allow the listeners to be still more asunder, depending upon 
the length of these branches or returns rr, at the extremity of 
which the charges are lodged: consequently, the distance 
between the listeners depends, not only on the nature of the soil 
that conveys the sound, but likewise on the depth that the 
charges are lodged below the surface of the ground. 

Listeners cannot be very long without being uninhabitable ; 
as experience has shown that they are unfit for respiration when 
more tbap one hundred and fifly feet long. 

M 
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As listeners ofier their points or ends to the approach of an 
enemy, they are most favourably situated for avoiding^ die 
destructive effects of his globes of compression. Whenever Ae 
defender ascertains that the assailant is preparing a globe at a 
distance, it is recommended not to use the most advanced roinea 
in a fruitless endeavour to crush him, but to make cuts or 
galleries across them, (as oo fig. 59), with a view of lessening 
the effects of the globes, part of the force of which may lose itself 
in these recesses, and thus to seek to parry the first blow : bat 
as soon as the globe has been fired ; when the full extent of tbe 
evil has been ascertained ; and the exact route of the enemy's 
miner discovered, by his vast crater, the offensive is taken 
immediately, by forming mines at the points of the listeners 
nearest to him ; or by running out branches so as to crush his 
new galleries or retard hb progress. 

If listeners be made of the dimensions of small galleries, 
(paragraph 206, three) they will answer all the purposes just 
detailed, and they can then be tamped more quickly, than if 
made larger. It is customary to leave unfinished oblong or arched 
spaces in the masonry piers of these galleries, where branches 
are likely to be run out ; and also grooves in the masonry, ficom 
space to space, to aid in the tamping: in fact, the engineer 
charged with the construction of defensive mines should do his 
utmost to profit by his galleries, so as always to have less length 
of branch and less work to perform than the besieger ; and to be 
beforehand with him afler the discharge of his first glotie of 
compression. 

214. Thus the defenders secure to themselves the means of 
forming mines wherever circumstances may render them neces- 
sary : but in their arrangement, it is necessaiy to be careful that 
the innermost mines do not, by their explosion, entail the min 
of the crest of the glacis, and leave the covered way and part of 
the scarp rev^tement exposed. Whatever may be the d^h of 
the defensive mines, they should be arranged on the principle 
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seen in fig. 63 : where they are on an inclined plane C C nearly 
parallel to the slope of the glacis: here, the depth of the mines 
is supposed to be eighteen feet ; a distance of twenty-five feet is 
set off firom the crest of the glacis, and the line ^ B which is 
to pass through the focus of the last mine, forms an angle of 
45^ with the slope of the glacis, so that after its explosion, there 
will be a sufficient thickness of parapet def to screen the covered 
way* These last mines are intended to destroy the enemy's 
breaching batteries which must be established aa the crest of the 
glacis, should he be so imprudent as to construct them before 
securing himself underground. Mines are seldom made under 
the terre-pleine of the covered way, as it is inconvenient foit an 
enemy to lodge himself upon it ; and the craters of such mines 
would, by the destruction of the counterscarp rev^tement, aid 
the enemy in descending into the ditch. 

215. In fig. 63, the most advanced listener /is fifteen feet 
below the level of the ground ; and the counterscarp gallery m 
is twenty-two feet below the same line ; the general slope of the 
galleries on the inclined plane /m is seven feet; which has the 
advantage of keeping them well drained ; (the shaded part in 
this figure, represents the masonry of the arches) ; tt, are 
unfinished portions of masonry, left so in the first construction, 
firom which to run out the ascending branches t&, ik at the 
moment of need, to establish the mines A;& at the required spots 
and in the line of the plane CC, 

216. Where galleries cross each other, as at c fig. 60, 
enlargements are made which are higher than the galleries, and 
well arched ; and sometimes aired by a funnel (as shown at h 
fig. 62) : these spaces are very useful to enable the workmen to 
cross each other with ease; for the depositing of earth firom the 
wheelbarrows, to fill the sand bags for tamping ; for depots of 
tools, &a ; and they should be made in long galleries that may 
not be crossed by others, to answer the same purpose. Likewise, 
in the general anangement of the defensive mines, every 
attention should be paid to the obtaining of currents of air* 

m2 
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217. In applying: the foregoing principles to a system of 
defensiTe mines on a front of fortification traced according to the 
modem system, as in fig. 64 ; it is to be observed, that the 
dimensions and saliency of the ravelins is supposed to be so 
great, as to throw the ground (JE) before the bastions, into 
contracted and re-entering spaces between them: it would 
therefore be needless to multiply costly galleries before the 
bastions, where the enemy does not attempt to establish himself 
till the besieged are driven from the outworks, and confined to 
the enceinte, so as to be unable to communicate with the 
counterscarp gallery without great risks, (unless there be a 
gallery of communication underneath the ditch, which is a 
rare construction.) The chief subterranean defence is thereibie 
shown here before the ravelins. The tracing of the galleries 
in fig. 64, is as simple as possible, combining the leading' 
features of the system of Lebrun and General Marescoi : the 
dotted line xyz indicates the first line of mines made on the 
principle shown in fig. 63 under the letter x ; the dotted line 
pqrin fig. 64, shows the last lines of mines agreeing with 
those made under p in fig. 63. At thirty-nine yards parallel to 
the line qr^ ^ B is traced ; and at the same distance still further 
in, the line CD : both these are portions of transverse envelope 
galleries; they afford a good circulation of air to the listeners 
in connection with them ; and are too short to be much exposed 
to the evils mentioned in paragraph 211. A reference to the plan, 
fig. 64, will explain the remainder of the tracing : twenty-tWo 
yards are laid off on each side of the capital C and D ; which aie 
joined to the points q and r, by lines showing the two great 
listeners Cq and Dr: these together with the great listener on 
the capital, answer also as galleries of communication : between 
them, are two other listeners, proceeding from the envelope A B 
and occupying the space betweeen q and r on the principle laid 
down in paragraph 213 ; that is, the listeners from q torBie 
about fifty-four feet apart, in the most salbnt part of the trao^, 
which will be first menaced, and where mines can be most 
promptly made to arrest the advance of the besiegers. 
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4' The lateral dispositions are still more simple: on the line. 
qpy distances qE^ EF^ £cc. are laid off, each equal to twenty- . 
eight yards ; E is joined to C and parallels are drawn to E C, 
from each of these divisions ; which give the lateral listeners ; 
these distances will enable the besieged miners to get at their . 
enemy by running out branches of only sixteen or eighteen 
feet in length, should he attempt to push between them: to 
make these galleries habitable at their extremities, they are 
crossed by others as X/ proceeding from the gallery of the 
counterscarp to midway between the crest of the glacis and the 
line pg: these likewise answer for communications and listeners; 
ftY>m which branches can be run out where needed : this keeps 
the most advanced part of the listeners within thirty-eight 
yards of the circular aired recesses /, and admits of sufficient 
ventilation. 

218. Under the salient of the ravelin, mines are prepared 
as seen in fig. 64, to blow up the assailant's lodgment on the 
breach ; the galleries that lead to these mines have their openings 
into the ditch of the redoubt of the ravelin. Should the ditch . 
be dry, branches and mines can be prepared under the level of 
the ditch, (as seen by the dotted lines / in fig. 64, and a a in 
fig. 65), to blow away the rubbish of the breach, before, or at 
tlie moment of assault : in this case, galleries can likewise be. 
made to communicate from the ditch of the redoul)t of the ravelin 
to the counterscarp gallery, as ^9, fig. 64. 

219. As to the defensive mines in the bastions, the usual 
arrangement is that shown in Gg, 64. The escarp gallery ilfiV is 
at about sixty feet in rear of, and parallel to, the rev^tement of 
the faces of the bastion : it serves as a base, from which to run 
oat branches, and to form mines, a a, 6 6, figs. 64 and 65 ; the 
first under the rubbish of the breach ; the second under the 
lodgment made by the enemy near the summit of the breach. If 
the ground be so dry as to admit of a gallery being constructed 
on the capital of the bastion under the ditch, it will be useful to 
nm galleries fc, and prepare chambers //, fig. 64, to overthrow 
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the counteii>atterie8 of the besiegers, should be endesTour to 
establish them in the usual place, without having previously 
shaken the ground by his globes of compression. 

Empty bastions are more suited for defensive mines than full 
bastions, since the escarp gallery can then be made at the 
iBterior slope of the rampart, where it can be well aired and 
lighted. 

220. On the aitack of the foregoing system of mines. The 
great listeners are generally pushed to about the foot of the 
glacis, where the enemy establishes his last parallel of attack ; 
but if he should be aware of the existence of the defensive mines, 
he will form this parallel PP^ fig. 64, at one hundred and 
^fty feet, or more, beyond the foot of the glacis ; and will direct 
branches upon the points q and r, till he arrives within about 
ninety feet of them : he there gives bis chambers a depth of 
twenty-two or twenty-three feet, and charges them with three 
or ibur thousand pounds of powder ; and, by their explosion, he 
ndns the extremities of the first listeners : for the effect of such 
a surcharged mine will extend horizontally to four times the 
length of the line of least resistance. From these vast craters, he 
advances simultaneously on every side, in order to prepare for 
similar explosions ; and, by the fourth explosion, he will probably 
succeed in annulling all subterranean defence, and blowing in 
the counterscarp ; as is indicated by the great dotted circles, in 
fig. 64, between the parallel P and the counterscarp of the place* 

221. Although globes of compression thus place great 
power in the hands of the assailant, it is to be remembered that 
expert and bold miners cannot proceed in their arduous work of 
driving galleries at a greater rate than from fourteen to eighteeo 
feet in twenty-four hours;* consequently, a considerable delay 

* At Barges, Sir John Jonef sayi, the inexperienced miners there were 
one bnndred and eight boars piercing through sixty feet; practised 
** miners would have done it in seventy-two hours,*' which woald give 
twenty feet in twenty-foor hours : bat at page 814 of the first volame of 
bis Sieges, detailing this operation, he says, the gallery wa» three feel 
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b experienced bj the assailant in pushing on his attack above 
ground ; for example, take the four galleries between P and K, 
in fig. 64, for the globes of compression, and they measure 
together three hundred and sixty feet ; which, working at the 
rate of twenty feet in twenty-four hours, will occupy a period of 
eighteen days, (exclusive of the time taken* in preparing the 
chambers, tamping, &c.) : and there is no manner of abridguag 
this work, as it is impossible for more than one man, or, at most, 
two men, to excavate at the head of a gallery at the same moment. 
The assailant then advances as rapidly as one active expert man 
can remove away the soil before him in a small gallery. 

Meantime the besieger proceeds with his trenches and attack 
above ground, in proportion as he secures himself below; and, if 
six days be allowed as a fair time to work up from the foot to the 
crest of the glacis, in the attack of fronts without countermines, 
here it is calculated to occupy a period of eighteen days with 
good countermines; thus adding at least twelve days to the 
duration of the siege, supposing the attacking party to possess 
great means, skill, and conduct ; and, without a full combination 
of these, the delay is incalculable, and may save the place. 

222. The defensive galleries hitherto spoken of are supposed 
to have been constructed of masonry, either at the original 
building of the fortress, or afterwards, with every advantage of 

wide by four feet high, " the sail stijgF and Handing well without support,** 
Therefore, when we say that expert minerf cannot proceed more qaickly 
than fourteen or eighteen feet in twenty-four hours, we mean in soil 
requiring to be supported at the top and sides by timber frames and 
planlts. At the siege of St. Sebastian in 1818, Sir John Jones details 
some of the mining operations thus ;— ** The soil being a loose sand, 
the whole of the interior was obliged to be sustained by framework ; 
the frames were placed two feet asunder. Three days were passed 
before the miners (uninstructed men procured from regiments of the Ihie) 
could acquire any degree of expertness in driving the gallery ; but after 
that period they penetrated and completed sixteen feet in twenty-four 
hoars with ease, even when the gallery had extended to a length of 
eighty feet" 
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time and means ; but Mowzi (an intelligent French engineer^ 
who has written ably on the subject) is of opinion that, if a 
garrison be furnished with two hundred and fifty good miners, 
provided with plenty of tools and timber, a system of coonter-^ 
mines may be constructed, or a front in thirty days, as efficient 
as those of masonry, which cost twice as much, and occupy a 
period of five months in building and completing. 

223. It remains to say a few words on the usual mode of 
sinking shads and driving galleries. The miners are fiimished 
with plenty of light tools, such as pickaxes, shovels, rakes, 
having shifting bandies to permit their being used in the 
smallest spaces ; also light wheelbarrows, or small waggons on 
trucks, to remove the soil from the head of the gallery to the. 
foot of the shaft ; and baskets to hand up the soil by a small 
windlass from the bottom to the top of the shaft. The gallery 
frames and sheeting are previously prepared. 

224. To sink a shaft. The shaft frame, as seen in fig. 6§, ia 
made of strong scantling of timber, of about four and a half by three 
inches, having projecting ends, ab, cd: this frame is laid flat o» 
the ground,which is previously grooved, so as to admit of the frame 
being flush with the surface of the ground : the size of the frame 
depends on the dimensions of the shaft ; the directions 6(f, bdBie 
to be exactly in the line of the intended gallery : the ground is 
then excavated for the depth of four feet, not only within the 
frame, but for a small space all round without the frame, to 
admit of the sheeting or side planks being pushed down, as seen 
in fig. 68 : the shaded part in fig. 66 shows the extent of the 
excavation. When the miners reach a depth of four feet, a 
second frame, without projecting ends, is laid quite level, and 
connected to the upper frame by strong ropes that pass through 
the eyes made for them in the frames, and fastened by wooden 
pins, as seen in fig. 67, e/: the side sheeting or lining is then 
pushed down between the frames and the earth, to support the 
sides of the pit and to prevent the soil falling in : in earth of 
common tenacity, two planks will generally suffice for each side 
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of tbe fehafty as seen in tig. 68 : these planks, it b to be obsenred, 
are fonned with an edge end, to make it more easy to push them 
down. During the work, the miners make the excavation a 
little greater all round than the dimensions of the frame, in 
order to admit of the sheeting fitting in properly ; to facilitate 
which, wedges cccc, fig. 68, are used, to keep out the bottom 
of the sheeting already fixed, in order that the new set of planks 
to be introduced, may have sufficient space. Thus the sinking 
of the shaft is continued to the required depth at which the 
gallery is to be driven : let fig. 69 represent the bottom of the 
shaft ; here care is taken that the depth dfh amply sufficient 
for the height of the gallery frame ee; and, in finishing it, the 
earth on the side of the shaft from which the gallery is to be 
driven is left bare without side sheeting. 

225. To drive a gallery. Fig. 60 shows the beginning of 
the gallery, and its first frame in elevation : fig 70 shows the 
first and second frames in section, the stanchions being sunk 
into holes hh to steady them : while the excavation is proceeding, 
tbe capsill g g^ fig. 70, is kept in its place by wedges, and when 
the miner advances four feet he fixes a second frame, the wedges 
are taken out, and the top sheeting is pushed in over the first 
firame, to rest upon the second frame: immediately over the 
capsill of tlie latter, wedges are again driven in, to lift up the 
edge end of the first sheeting, and prepare room for the insertion 
of the second set of top sheeting planks. But if the soil be so loose 
as not to adhere together at top for a space of four feet, while 
the miner works firom one frame to another, it is customary to 
push the top sheeting on by degrees as the excavation proceeds, 
supporting it by temporary stanchions, which are removed when 
the regular firames are placed. 

226. Ascending and descending galleries, as seen in fig. 
71, are made in like manner: A, the shaft; B, the ascending 
galleiy } C, the descending gallery. Some engineers advocate, 
the mode of placing the frames in such galleries, perpendicular 
to the general slope of the gallery, as at C ; but the more ap* 
proved jdan seems to be, to place them vertically, as at B. 
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227. In proportion as the soil becomes loose or sandy the 
difficulty and delay of working in it increases ; as in bad soil, 
complete rectangular frames become necessary, having groond- 
alb as well as capsills to prevent the stanchions sinking : in 
such a case, too, the top must be perfectly sheeted with planks, 
and the sides of the gallery also; so that the execution of 
galleries becomes tedious and difficult*. 

228. In subterranean warfare the defensive miners have 
advantages in proportion to the badness of the soil, as their 
galleries are all previously prepared, and they have only short 
blanches to run out wherever required : but the assailant has 
all his laborious work to perform. 

229. Chalk is the best soil for mining ; as the slow and 
troublesome process of supporting the gallery with frames and 
Meeting can be dispensed with. Elliptical shafts and arched 
galleries will stand in chalk without support. 

In order to complete this subject in as far as the limits of 
this treatise will permit, the compiler introduces the following 
extracts, from his ** Popular View of Fortification cmd Gunnery^ 
published in the United Service Journal, in the years 1830 and 
1831. 

230. The mining operations at the siege of Sehweidniigf in 
1702, afford a good instance of the defensive properties of 

* At page 61, vol.ii. of his Sieges, Sir John Jones says, ** Two shafts 
on the right of the isthmus, (of St. Sebastian) commenced on the 24fth, 
were sunk nine feet, and a commencement made for the galleries of about 
three feet. The soil was loose sand, and the principal labour consisted 
la applying the framework, and conveying the sand to the surface. 

** It was found necessary, on commencing a gallery, to cut a notch 
on both sides of the excavation, into which the ends of a strong plank 
wsrs inserted, and propped up with supporters, after which the iMuid was 
excavated from under the plank, and the regular frames applied ; this 
was repeated on each advance, taking care to support the roof and sldei 
previously to removing any great body of sand, as it only held together 
whilst moist When, through inattention, this precaution of sapportiof 
ths sand inch by Inch on every advance was neglected. It invariably 
enunbied down and caused a great labour and delay to clear the gansiy* 
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coontemiines, when combined with jadicioos sallies. Thi* 
place was besieged by the Prussians, and defended by the 
Aostrians for sizty«three days, of which, forty-'Uine dajrs were 
occapied in a subterranean war. 

The Prussians suspended their trenches of attack above 
ground at one hundred and fifty feet from the glacis, here a 
shaft was sunk 16 feet deep, and a gallery driven in advance 
ninety-six feet, where a chamber was formed to contain five 
thousand pounds of powder on the 1st of September, which 
(having a line of least resistance of sixteen feet) produced a 
crater of ninety-feet diameter, reaching to within sixty feet of 
the crest of the glacis : this funnel was crowned or taken pos- 
session of on the 2nd; firom which the Prussian miners 
commenced a gallery, but were obliged to abandon it on the 
6th of September, in consequence of coming to water, though 
they had driven it twenty-two feet, and were twenty-one feet 
below the surface of the ground; another gallery was then made 
CO the left of this and nine feet higher, and carried forward 
sixty-eight feet by the night of the 10th of September, when 
the miners of the defenders fired a fougass, which overthrew 
and damaged twenty-four feet of this gallery near its centre. 
The Prussians re-established and lengthened it to seventy-two 
feet when they reached a gallery of the place, from which they 
drove the miners of the besieged by a fire of musketry. How* 
ever, the defenders immediately afterwards exploded a mine 
close to this gallery, which destroyed sixty feet of it, thus 
leaving merely twelve feet uninjured. 

Next day the Prussians began another gallery on one side 
of the last, the repair of which they also undertook, which led 
them^ on the 12th of September, into the funnel of the defenders' 
mine that had destroyed their gallery, where they lodged them- 
selves. Meantime, the new gallery being driven forty-two feet 
in advance, notwithstanding the interruption of two explosion* 
from the defenders, the Prussian miners met a ruined gallery of 
the besieged twelve feet under ground, where they lodged • 
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disrge of two thoasand pounds of powder, tamped tbeir brttncb 
for tfairtj;-8ix feet, and fired this mine on the morning of the 
16th, which produced a crater of sixty-feet in diameter^ 
reaching within twelve feet of the crest of the glacis ; (but thia 
explosion ruined both the crowning of the old funnel and the 
branch leading to it, which were not again used :) a traverse^ 
wa^ now made in the new funnel as a shelter for the partj pro* 
tecdng the miners, who immediately began a branch, but which 
was overturned on the 17th by a fougass when only eight feet in 
length. Four branches from the same funnel were in like manner 
destroyed by the defenders' fougasses between the 17th and 2Mi 
of September. 

The Prussians, finding so much difiiculty, determined to 
occupy the attention of the besieged by fougasses on one side, 
while they opened a deep gallery on the other to destroy the 
counterscarp gallery of the place by a globe of compression. On 
the 24th, the king (Frederick the Great) went to see this gaHery 
when only twenty feet in length, and ordered a return of four 
feet and a chamber to be made, in which three thousand pounds 
of powder were lodged in sand bags, and the gallery hastily 
tamped : this mine had a line of least resistance of twenty feet, 
and by its explosion gave a funnel of sixty feet in diameter, 
reaching within eight feet of the crest of the glacis. In this 
funnel, two traverses were made to screen the party who protected 
the miners, who opened two branches from it on the 25th, and 
drove one fifteen feet, and the other eleven feet, in advance, by 
the 26th ; the defenders destroyed the latter by a fougass, and 
greatly injured the other : they also sallied boldly that nighty 
possessed themselves of the funnels, and so sloped away the 
glacis to the bottoms of the funnels as to prevent the enemy 
re-establishing himself there. They retired at daylight. At 
length, after various struggles of a like kind, a gallery ninety* 
nx feet long was completed by the assailants ; its chamber was 
charged with five thousand pounds of powder ; it was tamped for 
ibrty-five feet, and fired at midnight on the 8th of October; tbtt 
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explosion destroyed the coTered-way, and filled the narrow ditch 
within it with rubbish ; which, together with the misfortune of a 
casemate filled with powder blowing up in the gorge of the 
attacked work, and the place being destitute of ammunition and 
provisions, caused its surrender on the 9th of October. 

This was the first siege in which the surcharged mines or 
globes of compression were used ; the attack was conducted by 
Major Le Febyre, of the Prussian eng^eers, and from the fore- 
going account, it is seen that four such mines were employed, 
viz:— 



Charge. — lb. 



Depth of the Funnel In Feet 



1st. 5000 
2nd. 2400 
3d. 3600 
4th. 5000 



17 
15 
16 
16 



Diameter of the Crater in Feet^ 



80 
60 
60 



The effect of this last mine was very great, throwing in the 
covered-way and the counterscarp. 

But as the lengths of all the lines of least resistance, as well 
as the nature of the soil at Schweidnitz, have not been recorded, 
the satisfactory conclusions that might otherwise be drawn from 
these operations, are wanting.* 



* From this relation of the siege of Schweidnitz, and from many 
such defences, a high opinion might be formed on the strength of this 
place and of fortresses in general ; but the garrison who thus defended 
themselves for upwards of two months, consisted of eleven thousand men, 
commanded by General Guasco, under whom the celebrated GribeauTel 
directed the artillery and the defence. After a feeble and unsuccessful 
effort made by Marshal Daun to relieve the place, it was obliged to sur- 
render, with its garrison reduced to eight thousand six hundred men ; 
yet it bad not been breached, nor was it near being so ; the co?ered-way 
was not in possession of the Prussians, nor the ditch passed ; but a 
chance grenade blew up the principal powder magazine on the 8th of 
October. The loss of the Prussians was three thousand two hundred and 
twenty-eigbt men killed and wounded; that of the Austriani two 
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The same officer, Le Febyre, details an experiment made bj 
bimself in sand j soil near Potsdam. He charg;ed a mine, whose 
line of least resistance was fifteen feet, with three thoosand 
three hundred pounds of powder. Three galleries had been 
prepared on nearly the same level as the mine, at the reflective 
distances of twenty-four, thirty-two, and forty-two feet from the 
chamber ; and a fourth gallery at sixteen feet below the chamber. 
All these galleries were of oak timber, five feet high by three 
ieet wide. After the explosion, the diameter of the fimnel 
measured sixty-six feet, its depth eighteen feet, and the greatest 
part of each gallery was destroyed. 

The general rule g^ven by Belidor for finding the charge of 
a surcharged mine or globe of compression, is to multiply the 
length of the line of least resistance in feet by three hundred, and 
the product will be the weight of the powder in pounds : thus 
the line of least resistance being fifteen feet, multiply it by three 
hundred, and the result is four thoosand five hundred pounds, 
which g^ves a much larger charge than Le Febvre used at 
Potsdam in the sandy soil. 

231. This leads to the consideration of the quantity of 
powder required to produce certain effects. Questions hare 
arisen amongst the masters of the art as to the description of 
curve which the crater or funnel will assume by the explosion 
of powder in a mine. Vauban and Belidor considered the 

thousand eig^ht hundred. A very different opinion of this srong bold 
might be formed, when it is related, that in 1758, '' the Austrians evmcu- 
ating Silesia after the battle of Leuthen, liept possession of Schweidnits, 
which was placed in the best state of defence, and garrisoned by eight 
thousand men, under General Thierheim ; yet the Prussians carried ft by 
escalade in less than half an hour, on the night of the 15th of April.** 
(See JommVt Traiti des Orandes Operations Militaires^ chap. x. eo<J). 
We see how much depends on how, and by whom, a place is defended. 
Vauban, who so well knew the qualities necessary to command a 
fortress, said, *' That out of the multitude of gallant and distinguished 
generals in the French army in his day, he did not know six who were 
fully qualified for so important a trust. 
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fiuinel to have the shape of an inTerted oone: while De Valiere 
thoaght It had the properties of a parabolic corre : these opinions, 
however, have not interfered with an endeavoor to determine 
experimentally the proper charges for soils of different 
tenacities. It can be shown by an easy calculation,* that the 
solid mass raised by the effect of a mine is eqaal to the cube of 
the line of least resistance, maltiplied by y • Now the following 
table shows the quantity of powder necessary to raise different 
kinds of earth, masonry, and rock, established from experiment 
by Mouz^. 



Common earth mixed with sand 
Strong sand, or sandy stone • 

Potter's clay 

Loose and moveable sand. • 

Old masonry 

Freestone, or rock . . • • 



To raise one 
cubic foot. 


To raise six cubic 
feet. 


OS. drs. 


lbs. 


OB. drs. 


11-62 


9 


12 13-92 


15-47 


13 


13-52 


1 0-64 


14 


10-24 


1 1-56 


14 


13 0.96 


I 2.4 


15 


8 6-4 


1 4-83 


17 


2 7-28 



To use this table, suppose it should be required to ascertain 
the charge of a mine necessary for a two-lined crater, having its 
line of least resistance equal to ten feet, in a soil of potter's clay ; 
first, cube the line of least resistance, (10= 1000) • Then the 
solid content of the excavation being equal to y of the cube of 
least redstance; multiply 1000 x V ^l^^ch will give 1833-326 
cubit feet : again, multiply this last result by the number of drams 
q>po8ite potter's clay in the table, that is, by 16-64 drams, 
(which is the same as 1 oz. 0-64 drs.) and the produce is 
30506^^464 drams, or llOlbs. 2 oz. 10 drams. 

The rule therefore is, multiply (he content of the exeavcUion 
in feet, by the weight of powder corresponding to the soil in (A# 
table, and the product wiU be the charge. 



• Ltadmann'f Treatise on Mines, p. 81. 
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Va«ban calculated that for a mine necessary to blow ap (one 
cubic toise or) six cubic feet, it required, if 

lbs. of powder 
Light earth mixed with sand . . .11 
Common earth . . . . • 12 

Loam or strong sand • ... 15 
Clay or fuller's earth • • . • 16 

Old and good masonry . • • .18 
Rock 20 

Vauban formed this table from a great number of experiments, 
the results of which, coming from a man of all others most 
capable of making them, may be adopted with safety and 
confidence. 

The following rule is given in the '^Manuel Pratique du 
Mineur ; Par le Capitaine du g^nie Villeneuvc, imprim^ i Paris, 
(1826,) par ordre de S. Ex. ie Ministre de la Guerre. 

''To find the charge of an ordinary mine, established under 
ordinary earth, such as requires twelve pounds per cubic toise 
(six cubic feet) to raise; express the line of least resistance in 
feet; cube it; and in the result, suppress the last figure on the 
right, then there will be to the left the number of pounds of 
powder requi red. ' ' 

Suppose ten feet to be the line of least resistance, its cube is 
one thousand ; suppress the last figure 0, and there remains one 
hundred pounds of powder, which is nineteen pounds less than 
M ouzo's tables would produce, as has just been shown above. 

The size of the chamber depends on the quantity of powder 
to be lodged in it. Le Febvre and Mouz^ are of opinion, that a 
small space being left round the powder will produce a greater 
effect than when the chamber is made exactly to contain the 
box with the charge ; but what this vacancy ought to be has 
not yet been determined ; indeed, subsequent experiments have 
thrown some doubts on its efficacy. 

A pound of gunpowder occupies thirty cubic inches, firom 
vhich the dimensions of any cubical box to contain a given 
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quantitj can be calculated, giraplj bj mnltipljing the nrnnber 
of pounds by thirty, and extracting the cube root of the 
product : for instance, let it be supposed that the charge to be 
used is two thousand pounds of powder; then 

2000xd0=.^,000=a little more than d9. 
Now a box of this size, three feet three inches and a quarter, 
would be inconvenient, and could not even be got into a small 
branch : four smaller boxes should therefore be provided, so as 
to hold the required quantity, and to form the cube in the 
chamber. But if the mine is to be fired as soon as loaded and 
tamped, the chamber may be lined with planks or straw, and 
the charge put in bags. 

232. The expression of the ^' miner being attached to the 
wall," is often met with in the records of sieges, which needs 
some little explanation to such of our young military readers as 
may not be acquainted with it. 

Let it be supposed that it is required to make a breach in the 
flanked angle of the work, i2, fig. 72 ; that the assailant is in 
possessi^m of the counterscarp and that the flanking fire of artillery 
defending the ditch of the work has been silenced. A parapet 
is made across the ditch, as P P, fig. 72, which is increased in 
height at the escarp. Here the miners place strong beams 
against the rev^tement as seen at .$ in figs. 72 and 73, over 
which planks are laid, covered with sand-bags and green hides 
of animals to form a strong roof, to siMlter themselves from shells, 
grenades, and combustibles, that the defenders might roll down 
from the parapet above. Under this cover the miners proceed 
to enter the wall, and this is what is called attaching the miner 
to the wall.* 

Four chambers, C, D, £, F, flgs. 72 and 73, are formed in a 
line with the tail of the counterforts, the distance from chamber 
to chamber being about thirty feet. If possible, chambers, (?, H, 

* A very recent instance of the effects of attaching the miner to the 
wall, has been seen at the siege of Antwerp, in the unflanked ditch of 
the lanette St. Laurent. 

N 
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aie adfaneed into the rampart, so as to render the dope of the 
lireachy L O, fig. TS, made bjr the explosion of the mines, as easy 
as possible for the assault. This work will occupy four days at 
least ; therefore, it is not so expeditious a mode of forming a 
breach as that of establishing breaching batteries, /, /, /, fig. 72 
on the counterscarp, which would batter down the scarp reT^te- 
ment and make a breach fit to assault in a few hours. 

233. Hitherto mining has been described as far as it could 
be effected by the pick and shovel, but when harder substances 
are to be encountered than common earth, these are no longer 
of any avail : it is true, that in quarrying in sandstone, which 
consists of regular layers, the pick, the wedge, the hammer, &c 
suffice ; but to make way through rock, good masonry, and hard 
clay, a more powerful agent is necessary ,^and gunpowder is 
used to efiect it by blasting away the part required. 

The instruments used in blasting are very few and simple; 
the borer or jumper is a cylindrical piece of iron, that varies in 
its length, thickness, and weight, according to the work to be 
done ; it has its end either pointed or formed into three edges, 
to suit the hardness of the rock to be bored. When the hole to 
be bored is small and not deep, a single man performs the 
work ; he drills a cylindrical hole, by holding the borer in his 
left hand, and, as he keeps turning it continually, he strikes it 
with a hammer of about eight poands weight, which he wields 
vnth his other hand. * 

When the hole to be bored exceeds a foot in depth, and an 
inch and a half in diameter, one man, sitting down, holds the 
jumper, while another strikes its head with a hammer often or 
twelve pounds weight; the man who holds the jumper keeps 
turning it between every blow, feeds the hole with a little water, 
and cleans it out with an iron scraper, as it is perforated. 
Should the hole required be more than two and a half feet 
deep, the jumper must be about eight feet long, pointed at each 
end, and having a swell in the middle to add to its weight, and 
make it more convenient to g^rasp. The hole is begun as usual 
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with the bofer and hammer^ and, when some inches deep, the 
jumper is used ; one, two, or three men hold it in a standing 
position, and allow it to fall by its own weight into the hole ; 
raise it out and let it fall again ; these repeated blows of a long 
heavy jumper, effect the required purpose rapidly : the hole is 
then carefully cleaned out, and is ready to receive the required 
charge of powder. The boring can easily be carried on in hard 
limestone at the rate of two feet per hour, with the jumper of 
large dimensions ; but with the small borer and hammer, at the 
rate of only one foot per hour. 

The dimensions of holes vary according to the purpose 
required, from half an inch to two and a half inches in diameter, 
and firom six inches to many feet in depth. Of course, care 
must be taken that the line of least resistance is not in the 
direction of the hole; that is, if a hole should be perforated 
parallel to the side of a rock for a depth of thirty-six inches, the 
distance of the hole from the side of the rock should not exceed 
twenty-eight or thirty inches. 

It is difficult to say what the charge of powder ought to be ; 
there has never been any very precise rule g^ven ; the experience 
of the miner, and the tenacity of the rock or masonry to be 
removed, being the chief guides. We shall soon give some 
examples of this kind of work, to serve as some little clue to the 
proper charges to bo used. That (the charge) must be arranged 
before the bore is made ; then, the ^bde of proceeding is to fill 
it about half full with gunpowder; to tamp and to prime it 
before it is fired ; for which, an iron pricker, tipped with brass, 
is inserted, and kept close to the side of the hole, the brass end 
touching the powdw; (this is withdrawn afterwards to admit 
the priming powder). While the pricker remains, the tamping 
is performed by ramming burnt clay, pieces of pounded brick, 
stone, and rubbish, with a bar of iron, which is nearly large 
enough to fill the hole, but having a groove in it to prevent the 
pricker being disturbed; the hole is thus filled, taking care to 
turn the pricker oflen, as the tamping goes on. There is much 

n2 
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danger in this operation, especially wbere the pricker ia altoge- 
ther of iron, for a spark of fire arising from a collision of these 
snbstances, most likely to produce it, has often camed serioos 
accidents. The wadding first laid over the powder, is gently 
and carefiilly forced down, bat as the hole is more filled up, the 
miner rams the tamping stronger and harder till the hole be 
filled ; the pricker is then withdrawn, and the small tubular 
space which it occupied, is filled with the priming powder : a 
piece of portfire, or slow burning match, is secured to the top of 
the priming by clay, which, being lighted, gives the miner time 
to retire out of danger. 

We understand that tamping with sand is much practised in 
the quarrying in Scotland : and as tamping in the manner 
already described is a perilous operation, it is very desirable to 
nee sand if it be as effectual ; for not only will it ensure safety, 
simply to pour in sand over the powder till the hole be full, but 
it saves all the time that would be occupied by the common 
mode of tamping. In the '* Encyclopaedia Britannica," in 
treating of this subject, it is said— 

** The writer of this article has also had considerable oppor- 
tunities of tr3nng the accuracy of these statements, as to the 
effideney ofsand^ at the extensive quanying operations which 
lately became necessary in cutting down a part of the Calton- 
hiU, in forming the new approach to the city of Edinbuigh, 
where upwards of 100,(Mto cubic yards of rocky matters were 
removed, and gunpowder to the value of nearly 1000/. sterling 
was expended, chiefly in blasting rock, consisting of whinstone, 
or greenstone, much traversed by calcareous spar. The holes 
in this work were bored of various dimensions, both as to calibre 
and depth, and also at all angles of inclination, from the per- 
pendicular to the horizontal. Trials were here made with holes, 
from three to seven or eight feet in depth, and of a diameter 
from one inch to two and a half inches, when it was invariably 
fimnd, that when the powder was wadded with sand, the e£fect 
in tearing or blasting the rock was as great as when the more 
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coniiiKnily followed method of rammiDg with pounded stone was 
adopted." 

In priming holes tamped with sand, a clean dry wheaten 
straw, filled with powder, is put in before the sand is poured 
upon the charge : and if the hole should slope so much as to 
have a greater angle than 45^ with the horizon, by which the 
straw would be pressed upon and injured, a small cylindrical 
tube of sheet-copper must be provided to enclose it 

In the article just quoted, is the following remark on blasting 
under water :— 

** Blasting with gunpowder under water, is necessarily 
performed in various operations of the engineer, particularly in 
the excavation of the foundations of piers, and in deepening 
the entrances of harbours. This is performed by inserting the 
charge of powder into the perforated rock, by means of a case 
or cartridge made of tin-plate. The lower part is made to fit 
the bore in the rock as nearly as may be ; from this a small pipe 
of the same metal is carried to the surface of the water, with the 
priming powder. Here wadding is unnecessary, the pressure 
of the water upon the tin-case superseding the necessity of any ; 
and the explosive effects are generally greater, in proportion to 
the charge, than those in the open air. It may here be observed, 
that explosions under water have, in some instances, been pro- 
posed as a mode of attack in marine warfare ; and it is presumed 
that explosions at considerable depthif might occasion such an 
impression on the water, and so disturb the equilibrium of the 
atmospheric pressure, as to be capable of sinking large ships or 
floating batteries.** 

That which has been done to benefit commerce in canal, 
road making, coal mining, &c., could never have been effected 
so extensively without the powerful agency of the explosive 
force of gunpowder. In France, a tunnel of about seven miles 
in length, has been lately made; and in England, on the 
canal joining the rivers Severn and Thames, at Marsden-hill, 
there is a tunnel upwards of three miles in length, both of 



wUek haTe been forced entirdy throogfa rock by the mm of 
gimpowdeT. 

To iilostrate this subject still faTther, the diagram fig. 74» 
is added, from an actaal experiment, detailed in Landmann'a 
Tiealiae on Mines : the tube e I being an enlarged view of a ft. 
aif Hole bored in the rock of two inches and a half in diameter, 

and about two feet six Inches deep, 
e^The charge, consisting of fourteen ounces of powder, into 

which was inserted the quickmatch de, what the hole was 

filled up with very dry sand. 
f^ A priming of loose powder on the top of the quickmatch. 
gkf Portfire to communicate with the priming. 
t&g',8orae loose sand or earth thrown upon the priming to 

prerent accidents from sparks, while the man lights the 

portfire. 
My «, o, p. Represents the section of the excavation. 

The sand here answered the purpose most fiiUy. The 
inunense galleries excavated at Gibraltar, commanding the 
Neotnl Ground, could alone have been executed by such an 
agent as gunpowder. 

The formidable escarpments that render the greatest part of 
Fort Regent at Jersey inaccessible, have been made by thas 
blasting the granite rock on which the fort is situated. 

Aft Gibraltar, where blasting is executed on a very great 
scale, and where the jumpers are of large dimensions, a bore, 
about twelve feet deep, is loaded at first with four or five pounds 
of powder (the line of least resistance being considerable, 
even ten or twelve feet) ; this first charge explodes without 
tearing off any part of the rock, and even sometimes without 
blowfaig out the tamping ; but it rends the bottom of the hc^ 
into crevices; a second charge is then poured through the 
pricker hole, which being exploded, produces greater effects, 
and more considerable fiactures below; another charge is 
poured in till all the vacant places are filled ; and so on, till the 
rock is torn asunder ; hence, immense charges are sometimes 
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used, and it is andentood tbat even a banrel of gunpowder has 
been expended in the last charge* 

234. The following are the usual modes that have been 
followed to destroy bridges^ rev^temeniSf and buUdings^ by 
mining or blasting; the pick, shovel, lever, and pincber, 
being used when it is practicable, but in matter too hard for 
them, the borer, jumper, and blasting, must be substituted. 

Destruction of the bridge of Huj, in the Bishopric of Li^^, 
during the campaigns of Louis XIV. 

"Thisbridge was of hard stone; the piers were thirty feet 
long, and twenty-two feet thick above the o&ets, and exclusive 
of the breakwaters at each extremity. (See figs. 75 and 76). 

Twelve miners and a sufficient number of labourers were 
employed fifteen days in preparing four chambers in each pier ; 
the branches a, 6, and c, were eleven feet long, and the 
returns four feet. The two chambers m and n, were eight feet 
distant from centre to centre of each other ; and those marked 
/ and o, were four feet from the former. The openii^ of the 
branches were made five feet above the surface of the water : 
the chambers / and o, were each loaded with five hundred 
pounds of powder, and those of m and n, with four hundred 
pounds : the fire was communicated to the chambers in each 
pier at the same time ; for which purpose a hole, h, was made 
in the middle of the transverse nMsnre of the bridge, and 
through the k^ing of the arch, to admit the powder hose, or 
sausage, that was tied by a strong rope ; the ends r and s being 
fixed to the central powder house, t A;, ik^ which was placed in 
casing tubes, fastened to the sides of the piers with iron cramps: 
the result was successfiil, the fire reaching all the chambers at 
the same moment ; three of the arches, ^^ B, and C, were 
instantly destroyed.* 

In this operation we find a period of fifteen days expended 
in preparation for the destruction of the bridge ; a length of time 

* Laadmami'sTrMtiMott Mines. 



melj at conimand in operations of Mb kind. It is impossible 
for us to g^ve better information on this subject than transcribing 
the following memorandam of the Tarious modes practised in 
Spain under the Duke of Wellington* 

** Memorandum on the Blowing up of Bridges, by Lieutenant- 
Colonel Burgoyne, of the Corps of Royal Engineers, «dated 
6th of September, 1814.* 

** In the destruction of bridges during the Duke of Welling- 
ton*scampaigns, various methods were adopted according to the 
circumstances of the case. 

** The bridges in the Peninsula were usually of stone, the 
arches from twenty to forty feet span semicircular, and of one 
stone, eighteen inches or two feet in thickness. The loading of 
the arches was sometimes of solid masonry, but commonly of 
loose stones or rubbish. 

*< The object required generally was to destroy one arch, and 
in order to give the enemy the greatest inconvenience and delay, 
the largest arch, and where there was deep water, was preferred, 
excepting when wan tof time or ammunition made it advisable to 
select a particular one that might appear weaker than the others. 

** The simplest principle of mining a bridge was found to be 
by lodging the powder on the haunch of the arch, and as near as 
could be on the centre of the width of the bridge, with the line 
of least resistance through the arch. 

*^ The best mode of forming the mine, was where the side 
walls of the bridge above the piers were slightly built and easily 
got at, and the loading of the arch of loose rubbish ; a small 
gallery was then run in ^y fig. 77, about five feet from the 
arch-stone, and when at the centre of the width of the bridge, 
a return was made to the arch," (shown by the dotted line in the 
figure,) **and the powder lodged against it. There are not 
many occasions where this can be done under a very consider- 
able time ; but when practicable it has many advantages ; the 

« LandiiiaiiD*« Treatise od Mines. 
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greategt resistance is obtained to the sides and above; the 
ammunition is less likely to get injured from wet penetrating to 
it ; there is no obstruction to the road over the bridge while 
preparing, and less danger of accidents after it is loaded. In 
this case, the powder, saucisson, &c. are applied in the usual 
manner in mining ; and the end to be lighted is kept within the 
surface of the wall to be sheltered from the weather. 

** The common and quickest mode of mining a bridge is by 
sinking down from the road above to the arch, and lodging the 
powder in one mass on the centre of its width. To do this with 
good effect, the shaft C By fig. 78, should be sunk where there 
will be the g^reatest resistance gained above and to the sides, as 
at B. As the arch gives so much more resistance than the 
materials with which it is loaded, the distance to the surface, 
therefore, should be twice, or three, or even four times more, at 
least in those directions, than in that through the arch, in 
proportion to the nature of those materials. 

**ln this way arches have been blown down with forty-five 
pounds of powder, and after five or six hours' labour. 

** The shaft should be sunk on one side of the centre of the 
width of the bridge, as at C, fig. 79, (which is a plan of the 
bridge seen in section in fig. 80, the dotted lines in fig. 79, repre- 
senting the spaces occupied by the arches) : and a little return 
made at the bottom to gain that situation for the powder, by 
which means there will be most resistance above, and a greater 
width of road left during the operation. 

** In loading, the saucisson was brought up the shaft to within 
about one foot of the surface of the road, and then carried along 
a gutter or drain to the side of the bridge where it was lighted, 
whereby the road was entirely cleared, and a premature explosion 
from accident less likely to occur. The upper surface of the road 
was drained off as much as possible, to keep the wet from 
penetrating to the powder. 

^' When there was no time to sink a shaft as might be wished, 
as great resistance must be obtained as can be, by sinking as 
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dedp to the arch as there is time for, and inonasiii^ the eftct 
by a loading of as mudi sUme or other hmfj maSerials, from Urn 
parapet walls or elsewhere, as can be applied. 

**A bridge across the Carrion at Daenas was required to be 
tinned in g^reat haste, and it was found that the loading of the 
arches was of solid masonry ; an opening was, dierefore, made 
down to the crown of the arch D, figs. 80 and 81, (fig. 80 being 
a plan, and 81 a section of the arch destroyed), about two 
foet six inches only ; two hundred and fifty pounds of powder 
were lodged in rather a longitudinal direction along the width 
of the bridge, and a loading C applied of heavy stones and 
rubbish as high above the road of the bridge as could be without 
preventing carriages firom passing : when fired, it made a gap 
EEEE across the bridge of fifteen foet, which is about half its 
qian. 

'*The French declare that one hundred pounds of powder 
laid on the crown of an arch, and without loading, would destroy 
it; but, in a strong built bridge, I should be sorry to tLjpplj so 
small a quantity. 

** As on service the time at command for this kind of operation 
is veiy uncertain ; it is a common and good mode to commoice 
preparing in two places, one on the crown of the arch and the 
other at the haunch, and then if not allowed time sufficient to 
complete the latter and better mode, the powder can be applied 
on the crown of the arch, and exploded with or without a loading 
of rubbish, according to circumstances; and it is much better to 
do that, than to lodge the powder in a shaft only partly sunk 
down to the haunch, although it should be deeper. 

** In some cases where the bridge is very wide, and the 
operation can be carried on with nicety, it may be right to divide 
the powder into mines P and Cr, fig* 82, across its width ; but, 
in a rough operation, I would certainly never divide the powder ; 
for although it was said once that a hole was blown through the 
centre of a wide arch, and a passage left on each side, (which, 
however, 1 do not believe),— -if it was so, certainly that same 
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quantity of powder that gave so nice a shock, would not have 
injured the arch at all if divided. 

** I have seen an instance where about half of the width of a 
bridge P G H^ fig. 83, was blown down, which probably aroae 
from dividing the powder in this manner* 

** There can be no reason whatever for dividing the powder 
between die different sides of the arch, as I X, fig. 84 ; by doing 
so, a failure took place on the Coruna retreat ; and if it succeeds, 
there can be little doubt but that one of the mines would have 
done as well* Wherever the powder is divided, the explosion of 
the whole should be simultaneous ; the arrangements require much 
precbion, and the chances of failure are of course multiplied. 

^* Where a bridge is narrow, there can be no occason for 
sinking the shaft down to the arch much deeper than half the 
width of the bridge, as the want of resistance at the sides will 
render the additional vertical resistance superfluous. On one 
occasion a failure occurred from a shafl being sunk down to a 
pier with the intention of destroying two arches ; but which, 
although great perpendicular resistance was gained, blew out at 
the sides, and left the two arches perfect. 

** When the effect of a mine can be secured to cut through 
the arch, the greater resistance that can be g^ven, even in that 
direction, the better, as it will increase the effect over the whole 
width of the bridge. 

** As it generally happens on service, that the mine cannot 
be laid according to nice calculation, after applying it in the 
best way that circumstances will allow, the effect must be gained 
by increasiug the quantify of powder. Under the chance of 
different difficulties that might occur, it was customary, when 
practicable, to send two, three, and even four barrels of powder, 
of ninety pounds each, for the destruction of a bridge, although 
one would usually be sufficient 

** When there was time, these mines were loaded with all 
the precautions commonly used ; viz. the powder in a box, and 
the sandssoD in an anget ; and when to lie any time, the box 
and auget were pitcbed, aod covered with straw, tarpawling, &c. 
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to preaerve the ammonition diy. When pressed for time and 
without the proper articles, the powder was lodged in the barrels 
it was brought in, or laid in a tarpawling, or in bags; and the 
saneisson was laid without an auget, but with care that the stones 
or rubbish should not choke it. The mine was lighted by a piece 
of portfire tied into the end of the saucisson. 

** Saucisson is so very easily made and carried, and so 
adyantageous, that latterly we never failed having it with us; 
in our first mines, indeed, for want of it, we cut ofi*the ends of 
pcHTtfires diagonally, and tied them together to pieces of sticks 
the length necessary for the train ; but such a contrivance is very 
bad, and owing to it, Lieut. Davy was killed on Sir John 
Moore*s retreat ; the mine exploding the instant he lighted it, 
probably from the fire of the composition dropping down to the 
powder, for which reason the end portfire should be laid 
horizontally, and a little clay round it will give additional 
security. 

** A small hollow round the powder in a mine will increase 
its efl^ts. 

** To destroy wooden bridges, powder was sometimes used 
and applied to the most important supports in the arch according 
to its construction ; but as there is no other resistance than the 
air, the quantity of powder should be large : ninety pounds have 
blown down a strong wooden arch. 

** The common and best mode with a wooden bridge is to lay 
the planking bare, and to light a large fire upon them which will 
bum to the water's edge if let alone ; but this will not do if the 
enmny cannot be kept from gaining possession of the bridge, for 
at least twelve hours afier the fire is lighted. 

The Imperial Minister of War in France issued a small 
pamphlet in 1814, containing some simple instructions for the 
defence and destruction of bridges, the latter portion of which 
appears to be much inferior to those contained in the foregoing 
memorandum, by Colonel Burgojmc. It says, 

** To destroy a stone bridge, a trench in the form of a cross 
is made in the crown of the arch, the branches of which are 
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about ten feet long, and these are sunk down to the top of the 
arch stones ; see fig, 85 : one hundred and sixty*one pounds of 
powder (one hundred and fifty French pounds) are placed in 
each trench for a thickness of arch of three feet ; the powder is 
covered with strong planks, well loaded with rubbish, and fired 
by a powder hose, which may be made as long as may be 
necessary." 

Again, 

** Stone bridges may be destroyed by simply cutting a trench 
across the crown of the arch about eighteen inches deep, and 
placing 345 pounds of powder in it. This quantity has destroyed 
semicircular arches of twenty-five feet span, and four feet thick 
at the key : see fig. 80. 

** Wooden bridges may be destroyed in three different ways ; 
they may be pulled to pieces, they may be burnt, or they may 
be blown up. 

** When there is not time to destroy them, the planks are 
nnspiked, and the timbers so separated, that they may be 
speedily removed when necessary. The wood should be either 
hidden or burnt, so that the enemy may not find it to re-establish 
the bridge. The best method to bum bridges is to tar them, 
and to cover and surround them with fescines, or tarred brush- 
wood, as represented in figure 87. It will often be enough to 
bum the bays of the bridge which are nearest to the enemy. 

** In order to blow up wooden bridges, two hundred and 
sixteen pounds of powder may be suspended under the super- 
structure, and fired as above described.*' 

These examples of the destruction of bridges are concluded 
by the following interesting narrative of the passage of the 
Tamega river in Spain, at Amarante, by a detachment of 
Marshal Soult's army under General Laborde, extracted from 
the Second Volume of Coloniel Napier's nervous and elegant 
History of the Peninsular War. 

^' The bridges of Modin and Cavez above, and that of Cana- 
vezas below, Amarante, were destroyed ; the Tamega was in 
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ftill floody and ronniiig in a deep rocky bed ; and the bridge in 
fttmt of tbe Fiencb was mined, barred with three rows of 
palisades, and commanded by a battery of ten guns. The 
Portnguese were in position on the heights behind, frnm 
whence they could discern all that was passing at the bridge, 
and could reinforce at will the advanced guard which was posted 
in the suburb. 

** The 20th, the first barricade was reached by the flying 
sap ; but the fire of the Portnguese was so deadly, that Laborde 
abandoned the attack, and endeavoured to construct a bridge 
of tressels half a mile below ; this failed, and the efibrts agsunst 
the stone bridge were necessarily renewed. The mine on the 
other side was ingeniously formed; the muzzle of a loaded 
ittQsket entered the chamber, and a string being tied at one end 
to the trigger, the other end was brought behind the entrench- 
ments, so that an explosion could be managed with the greatest 
ptecision as to time. 

** The 27th, the centre barricade was burnt by Capt. 
Brochard, an engineer officer, who devised a method of forcing 
the passage, so singularly bold, that all the generals, and 
especially Gen. Foy, were opposed to it. The plan was, how- 
ever, transmitted to Oporto ; and Soult sent Gen. Hulot, his 
first aide-de-camp, to report if tbe project was feasible. Hulot 
approved of Brochard's proposal, and the latter commenced his 
operations on the 2nd of May. 

*<The troops were under arms, and disposed in the most 
convenient manner, as near the head of the bridge as the 
necessity of keeping them hidden would permit ; and at eight 
o*clock, all being prepared, and the moon shining bright, 
twenty men were sent a little below the bridge, and directed 
to open an oblique fire of musketry against the entraichments. 
This being replied to, and the attention of the Portnguese 
attracted, a sapper, dressed in dark grey, crawled out, and 
pushed with his head a barrel of powder, which was likewise 
enveloped in grey cloth to deaden the sound, along that side of 
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the bridge which was darkened by the shadow of the parapet.* 
when he had placed hb barrel against the entrenchment 
covering the Portuguese mine, he retired in the same manner. 
Two others followed in succession and retired without being 
discovered; but the fourth, after placing the barrel , rose on 
his feet and ran back, but was immediately shot at and wounded. 
The fire of the Portuguese was now directed on the bridge itself; 
but as the barrels were not discovered, after a time it ceased ; 
and a fifth sapper advancing like the others, attached a sausage 
seventy yards long to the barrels. About two o'clock in the 
rooming the whole was completed ; and as the French kept very 
quiet, the Portuguese remained tranquil and unsuspicious. 

** Brochard had calculated that the efiect of four barrels 
exploding together would destroy the Portuguese entrenchments, 
and bum the cord attached to their mine. The event proved 
that he was right ; for a thick fog arising about three o'clock, 
the sausage was fired, and the explosion made a large breach. 
Brochard, with his sappers, instantly jumped on the bridge, 
threw water into the mine, cut away all obstacles, and followed 
by a column of grenadiers, was at the other side before the 
smoke cleared away. The grenadiers being supported by other 
troops, not only the suburb, but the camp on the height behind 
were carried without a check, and the Portuguese dispersing, 
fled oTer the mountains. 

** The execution of Capt. Brochard's bold, ingenious, and 
snccessfiil operation, cost only seven or eight men killed ; while 
in the former fiitile attempts above a hundred and eighty men, 
besides many engineer ofiicers, had fallen. It is, however, a 
singular fiu4, that there was a practicable ft)rd near the bridge, 
unguarded, and apparently unknown to both sides. 

While it is impossible not to join in the ftill meed of praise 
given to Capt. Brochard, and while it is acknowledged thart the 
contrivance of exploding the Portuguese mine by means of the 
loaded musket was ingenious ; yet, had there been a regularly 
secured powder hose to communicate from the entrenchment to 
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the mioe, the attempt would probably not have been made ; as, 
had -not Capt. Brochard had unquestionable infonnation of 
the arrangement made by the Portuguese for exploding their 
mine, be could not have calculated on burning the cord attached 
to the loaded firelock — for had he merely guessed that the 
mine would have been fired in the usual manner by means of a 
powder hose, he would not have attempted to bum that, which 
would instantly have communicated to the mine and blown up 
the bridge. 

The next subject, is the destruction of rev^tements and 
buildings by the explosive force of gunpowder. 

Rev^tements are most effectually destroyed by making 
chambers in rear of the masonry ; usually in every counterfort, 
or in every second counterfort, taking care that the charges shall 
produce craters that shall cross each other so as to ensure the 
entire demolition of the masonry. Charges placed behind the 
rev^tements in the intervals between the counterforts, have been 
known (when the masonry is very good) to blow away the 
rev^tement, as a a, in fig. 68, leaving the counterforts standin^^, 
so that the earth between every two is held together by these 
shattered walls : hence the necessity of lodging the charges in 
the mass of the counterforts, in order to ensure the complete 
destruction of the walls. 

Allusion has already been made to the method of making 
breaches by means of destroying the revetement, in running a 
gallery from the bottom of the ditch through the rev^tement, and 
branching off right and left to form chambers for the charges in 
counterforts. 

But we now refer to the destruction of the rev^tements of a 
place which is in the possession of the party desirous of 
destrojdng them ; as in the case of being forced to abandon a 
post which is to be rendered useless to an enemy : and the mode 
of proceeding is usually to sink shafts in the mass of earth 
behind the revetements, and to form chambers at the back of the 
masonry. 
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It has tieen already shown that the masters of the art are at 
variance respecting the exact charge necessary to destroy 
masonry walls : but the approximation which has been made 
from experiment, is a sufficient clue to regulate such charges in 
most cases, and in addition to what has been already said, the 
following statements are adduced. 

At page 303, vol. i. Jones's Sieges, we read, 

" in the year 1810, forts Barbara and Felipe, in front of 
Gibraltar, were ordered to be blown up under the direction of 
Capt* Harding. To effect this he sank shafbs from the top of the 
parapet, at the interior extremity of the counterforts, to the 
level of the bottom of the ditch, where he excavated a chamber 
into the masonry of each counterfort, and loaded a chamber with 
eight and a half barrels of powder, as in fig. 80 : 6c, shaft; 
a, chamber ; 6, 6, 6, 6, action of the powder. The shaft was 
then filled up with clay or sand, and fired by means of a 
saucisson led through the stopping of the shaft to the top of the 
parapet. These mines exploded very irregularly, but, from the 
magnitude of their charge, utterly blew the forts to pieces.'* 

" In 1800, Lieut.-€olonel Johnstone destroyed the revfete- 
ment of the bastion of La Valiere of fort Bourbon, at Martinique, 
as follows, see figs. 00 and 01. (The shaded part shows the 
galleries.) The height of the rev^tement at the salient angle of 
the bastion was thirty-eight feet, and the parapet rose eighteen 
feet above it, making a total height of fifty-six feet. The 
thickness of this rev^tement, at its base, was ten feet, with 
counterforts twelve feet apart ; the counterforts were six 
feet thick next the rev^lement, five feet at their inner extremity, 
and six feet in lengthy 



* Calcnlatiiig each harrel to contain ninety poands, «ach of theto 
chambers had a charge of seven hundred and sixt}vfi?e pounds; and as 
jcounterforts are usually from fifteen to eighteen feet apart, we have here 
«e¥en hundred and s'xty-fi?e pounds of powder at every fifteen of 
eighteen feet, which was an excess of charge quite unnecessary. 

O 
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*< Colonel Johnstone perforated Ibe &oe of Um reT^tenent 
tiirough the thickness of the wall, and formed five cfaamben in 
the claj at the inner extremity of the counterfort at tiie points 1, 
% 3, 4, and 5, and loaded them as follows : — 1 with 18(Hb»— 
2 with 2701b6— d with aOOlbs— 4 with 901bs— 5 with 180Ibs.^ 
This last charge (5) placed under the counterfort, as seen at 
fig. 01. 

**The explosion hlew down the entire rev^tement for one 
hundred and forty-four foet in length of the right foce, and for 
one hundred and forty-seven feet of the left face, except a portion 
of twelve or fifteen feet a 6, which , though much injured, 
remained standing in the long space between mines three and 
four. The earth of the rampart behind the wall blown down, 
generally laid at an angle of 45^.'* 

Had the rev^tement thus destroyed been ^ve feet thick at 
top, it is easily calculated that the one hundred and fourteen feel 
of the right &oe, and the one hundred and thirty-two feet of the 
left foce, (including the masses of the t^i counterforts) , amonnted 
to 103,650 cubic feet of masoniy, which had one thousand and 
eighty pounds of powder expended in its demolition. The 
destruction of the rev^tements at Menin, in 1774, by Cormon- 
taigne, as related by Sir John Jones, (see bis Sieges, vol* i, page 
304), was as follows : see fig. 02. 

**The height of the rev^tement was thirty feet, and the 
counterforts fifteen feet firom centre to centre, and the chambers 
of the mine were placed thirty feet distance firom each other, so 
as to be in the centre of each counterfort; the charge was one 
hundred pounds, French, of powder, and the efiect extended firom 
mine to mine. 

** On clearing away the rubbish in 1 817, the foundations were 
generally found perfect to serve for new walls, but any portions 
of the counterforts or scarp wall which remained, were cracked 
in every direction. 

*^The galleries (the parts darkly shaded in the figure) were 
made three feet high and two and a half feet wide.*' 
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Calcalating the four mines in the iigiire to have destroyed 
one hundred and twenty feet of the^v^tement in length, and 
allowing that these rev^tements were five feet thick at top and 
ten feet at bottom, there must have been a mass of six thousand 
seven hundred and fifty cubic feet of rev^tement masonry 
destroyed by the action of four hundred pounds of powder : the 
line of least resistance to each charge averaging ten feet, besides 
which, it may be reckoned that nine counterforts were rendered 
unserviceable, making an additional mass of eight thousand nine 
hundred and ten cubic feet — in all, seventeen thousand six 
hundred and sixty cubic feet of masonry demolished by the action 
of four hundred pounds of powder. 

At page 299, vol. ii. Sir John Jones's Sieges, is the following 
relation of the destruction of the piers and abutments of the 
fiood-gates, at the entrance of the basin of the dock-yard at 
Flushing, in December, 1809, (see figs. 93 and 94). 

« Four shafts (e) were sunk at the back of the wall supporting 
each half-gate, to a depth considered to be seven feet firpm the 
bottom of the foundation of the masonry ; and, at that level, a 
gallery was run horizontally beyond the centre of the wall, so ^ 
to leave a line of least resistance, of seven feet, in the direction 
of the hinges and their abutmepts. At the extremity of the 
gallery, a return of two feet was made, and a chamber (6 c) 
formed ; the floor of which was six or seven feet above the bottoni 
pf the foundation of the piers. 

" Each chamber was loaded with one hundred and twenty 
pounds of gunpowder, and the gallery was tamped for its whole 
length with bags filled with sand. This chaise qf one hundred 
and twenty pounds was apportioned* as being the smallest 
calculated as sufiident to effect the object of ruining the gates, 
from apprehension of doing injury to the houses on the quay, or 
the quantity of powder should have been on^half greater. 

*'The explosiqn was scarcely perceptible at a little distance, 
but it served completely to shake the wall and to fend It thrqugli 
in various places, as shown on the plan (by t)ie darker 8l|aded 
lines) though not to overturn it.** 

o2 



106 

The line tyf least resistance was heie seven feet ; the total 
cfaantity of masonry injured is not named, bat from a rough 
oaloulation, it is estimated at about one hundred and ninety-three 
thoosand six hundred cubic feet, which took nine hundred and 
sixty pounds to produce the effect above named. 

Detail of the destruction of the ramparts of Vienna in ISOl* 

The charges of powder used on this occasion, were 
calculated on the supposition that twenty pounds were required 
to destroy every six cubic feet of masoniy* One of the 
bastions was forty-eight feet in height ; shafts were sunk into 
its parapet to a depth of thirty-five feet, at from fifty-five to 
sixty feet apart : from the bottom of these shafts, two galleries 
were run out to form chambers against the back of the 
rev^tement at about thirteen feet above the bottom of the ditch ; 
these chambers were from twenty-eight to twenty-nine feet apart, 
abutted against a thickness of fourteen or fifteen feet of masonry ; 
dieir cinunge was five hundred pounds each : the revtoment was 
completely overthrown in great masses, and the earth of the 
rampart formed a slope of easy ascent. 

Another bastion had behind the escarp, a gallery of 
masonry eight feet in height and three feet in breadth, every 
where, nearly on the same level as the bottom of the ditch, 
and about thirteen feet distant firom the exterior face of the 
rev^temcnt. In this gallery was placed a charge of fourteen 
thousand pounds of powder, in different heaps, from one 
thousand to two thousand pounds, calculated according to the 
rule given of twenty pounds to every six cubic feet of masonry ; 
the ends of the gallery were well tamped, and by the discharge, 
the rev^tement was entirely overthrown without great violence 
or noise. 

Another bastion was demolished in like manner; but the 
charge was augmented on account of the empty spaces and 
crevices in the gallery. 

The most remarkable bastion had a rev^tement of sixty-diree 
feet in height, including the depth of the foundation and the 
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was nineteen feet and a half, and at the summit nine feet and a 
half. It had an escarp gallery six feet and a half high and of 
the same breadth, narrowed in different parts by the counterforts, 
which were placed at a distance of thirty feet irom each other, 
and in which passages four feet wide were made. These 
counterforts also had a thickness of about twelve feet at 
the root, eight at the tail, and were twelve feet long* The vault 
of the gallery was two feet thick, and its piers three feet. Its 
bottom was five feet below the level of the ditch in the whole 
extent of the faces« In each counterfort there was a chimney or 
air-hole opening in the interior slope of the parapet ; lastly it 
communicated with other galleries made under the the terre- 
pleine of the bastion. There was a charge of thirty-three 
thousand two hundred pounds of powder placed in this gallery, 
(although the calculation indicated thirty-seven thousand 
pounds). This charge was divided into eleven heaps, viz. one 
at the salient, one at each shoulder angle, three upon each face, 
and one in the middle of each flank : these heaps weie 
connected together by great trains, which themselves consumed 
two thousand five hundred pounds of powder. All the issues of 
the gallery were exceedingly well tamped with beams and earth. 
The explosion of this enormous chaige of powder entirely 
destroyed the rev^tements ; the mass of the masonry that was 
raised was thrown forward about fifty feet and broken into small 
pieces; elsewhere it was equally projected, but in greater 
fragments. Although the heap at the salient and at each 
shoulder angle had been increased, yet there remained little 
pyramids of masonry that were only shaken and much injured. 
The total height of the ravelins was thirty-five feet; the 
rev^tement was divided into two parts by a berm five feet wide 
and twenty feet above the bottom of the ditch ; shafts at 
twenty-four feet apart were sunk on the berm to a depth of 
eighteen feet, and chambers made to the right and left; 
each mine hada line of least resistance of twelve feet, and should 
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as the charge had to be divided into two paits^ and astbeahalls 
were but imperfectly rammed, the cfaai^ was angmented to 
three handled and fifty pounds; the demolition was complete. 

Part of the counterscarp was destroyed by means of a 
gallery at its back ; but on account of the numerons creyicea 
and openings, as well as from imperfect tamping, the diaige 
was made much more than the calculation indicated. Tlie 
fsmainder of the counterscarp was destroyed in the iBual 
manner by mines placed at the back of the reTMeracnt: at the 
distance of twice the length of the line of least resistance fimoi 
each other: for every two chambers a gallery was driven in 
perpendicularly to the rev^tement, and branches made to right 
and left. 

To demolish the curtains, shafb were sunk at twenty-fbor 
feet apart till within ten feet of the level of the ditch ; from the 
bottom of each shaft, a branch was run out to meet the masonry, 
in which the chaige was lodged, when it was found that the wail 
had more than twelve feet of thickness; and if less, the charge 
was lodged in the earth. The charge for each mine varied from 
two hundred and fifty to three hundred pounds. The branches 
were tamped with earth and turf, and the shafts merely fiHed in 
again. The explosion invariably produced complete destruction. 

In this great work, where the miners were well paid, it was 
ascertained that in masonry of brick, they only made progress 
at the rate of three feet per day ; and in masonry of hard stone, 
iiot more than one foot per day. 

As another instance of demolition, the following relation 
is taken from vol. i. of Jones's Sieges, page 991, of the injury 
done to the defences of Almeida, by General Brenier, on the 
French garrison evacuating this fortress in 1810. Colonel 
Sir John Jones is of opinion that it **wa8 very judiciously 
planned and very successfully executed.*' (See fig. 95). 

'* The fronts selected for destruction were those attacked by 
Maiahal Massena, being next the Coa on the sootlk*west» and 
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which fronts have alwajrs been considered the weakest, in 
consequence of their scarps being much exposed to the fire of 
batteries from a height at a moderate distance, and also from 
their ramparts being too elevated to see, in a sufficient degree, 
the ground in their front 

** Along the cAemtn des rondes of these fronts, at intervals 
judged to be twenty-five feet, shafts were sunk to the depth of 
fifteen or eighteen feet close at the back of the escarp wall, 
(which is thirty feet in height), and chambers formed behind 
the counterforts on each side of the bottom of the shaft for the 
reception of cases of gunpowder. These being deposited and 
wdl secured from the eflfects of the moisture, the shafts were 
firmly tamped, and a saucisson led upwards from the gunpowder 
through the tamping, to the extremity of which a fuse or port- 
fire was attached. 

** The escarps of two finonts, with those of a iace and two 
flanks of adjoining fiK>nts, being thus prepared to be blown down 
by means of 150 fougasses, all the field guns, carnages, sh<^, 
implements, and military stores in the place, were ranged along 
the ditch at their foot. On the night of the 10th of May, at the 
moment of the evacuation, portfires, intended to burn till the 
rear-guard was well off, were lighted, and though the mines 
went of in very irregular succession, still they blew down the 
entire rev^tement, some of it in pieces of enormous magnitude 
(ten or fifteen feet square of superficies) other parts in smaller 
eompact portions, and some as loose stones and rubbish. The 
mass thus thrown forward nearly filled the ditch, and biuried or 
destroyed every thing which had been placed on its surfece. 
The rev^tement being overturned, the earth of the rampart 
behind it, loosened by the explosion, formed a very easy slope, 
and the ramparts of Almeida were for the moment laid com- 
]detely open. The counterscarp, covered-way, and glacis, 
however, remained uninjured* 

** Several shafts, left in an unfinished state by the French, 
were, by order of Sir Brqnt Spencer, completed and exploded. 
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when he marched with his corps to the Alemtejo in tbe Momrtdg 
month, and utterly demolished other considerable pcfftions ef 
the rev^tement. 

** In the performance of this doty, Lieut. Trench, tbe-onlT" 
officer of engineers with the corps, was, firom the awkwaidnev* 
of the uninstructcd soldiers employed under him, blown to 
pieces ; and, in consequence, no report could ever be obtained 
of the details of the operation, or of the quantity of powder 
med, nor of the exact distances of the French shafts, on tbcf 
precise manner in which they applied the powder.*' 

Although this instance of demolition is very interesting^, 
yet no information can be drawn from it as a guide under 
similar circumstances. 

In very tenacious masonry, it has been found that the lower 
part of the rev^tement may be blown away, while the masonry 
of the upper part adheres together, with the earlh behind it^ 
like an irregular arch, especially when the charges are baately 
sufficient for demolition ; or when they have not been lodged 
well back in the counterforts. Therefore, when it is desinU^le 
to destroy the rev^iement completely, a line of holes for blasts 
may be made by a jumper or borer along the inner upper 
surfoce of the wall, which being fired a little before, or at the 
same moment as the mines below, will ensure the utter destruc* 
tion of the wall. 

Let fig. 96, from a to df represent about twenty-five feet of 
the elevation of the back of a rev^tement, supposing the earth 
from a to 6 to be bared in order to show the arrangement of 
forming the blasts. Suppose it four feet thick at top and 
twenty-five feet high. By a late experiment on a mass of 
masonry of these dimensions, by which it was completely de- 
stroyed, three mines were lodged ^tfffy of about thirty-^iee or 
thirty-five pounds of powder each, and five holes, khh, made by 
a jumper or borer, to do which, tbe earth was bared for four or 
five feet from the back of the wall, and tbe holes made at an 
angle of depression of 45^, four feet apart, and each loaded with 
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five pounds of powder. The depth of the holes for these hlaati 
exceeded by a little the thickness of the masonry, so tl^at the 
line of least resistance was outwards; a powder hose, about the 
thickness of the forefinger, communicated from blast to 
blast, or from A to A. The blasts were first fired, exploding ia 
quick succession, and destroying the upper part of the wall* 
The mines were then fired, completely demolishing the wall, 
and driving out some of the brickwork for forty or fifty yards^ 
leaving a breach fit for a sub-division of twenty-five files to 
mount abreast. 

To destroy a tower* If the tower has a diameter of eighteen 
feet or upwards, the wall is perforated from the inside, and 
mines are established, as seen in fig. 07. 

Should the tower.be connected to walls (a&), mines must be 
established in the walls near the solid points of junction a and 
bf where the greatest resistance would be offered to the eflbct^ of 
the explosion. 

This differs a little from the mode of the destruction of a 
tower, related by Yauban. This tower, fig. 08, was thirty-^x 
feet high, the walla ten feet thick, having a clear injte^Eior 
diameter of twenty feet; openings (ab) were made in the walls 
from the outside at one-third of the circumference from each 
other ; hence branches were run in half through the wall, with 
returns right and left, each equal to seven feet ; at the extremities 
c and/, were lodged one hundred and ninety pounds of powder, 
and at d and e one hundred and eighty pounds, in all seven 
hundred and forty pounds, to demolish about nine thousand 
cubic feet of masoniy ; which was satisfactorily done. 

When a tower has only from twelve to sixteen feet in 
diameter, lit will suffice to excavate a pit in the centre of the 
tower to about the depth of the foundations, and to place a 
charge there according to its line of least resistance ; calculated 
from the centre of the mine to the exterior foot of the walL The 
.floor of the tower is covered with two rows of crossed beams. 
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wen fixed down by leili, pheed againet the maeomjr of dM 
▼snlts. Thus Vaoban dettrojed a tower fer^^fiTo fisel Ugfi, tte 
walls eight leet diick, hairing a clear diameter of dxleen feel^ 
that iS) about fix thooaand foor handred cidnc leet of masoniyy 
by placing a charge of two hundred and ^fty pounds of powder 
in a hole made in die ground in the centre of the tower. 

When a pit cannot be excaTated, fiom a wet feundatioBy and 
when the tower is loop-hdledy which prev e nts the ffrtaWiahmfait 
of niBes in the thickness of the walls, powder is jdacedupon the 
floor of the tower, and strongly secured above by beams of wood 
and sand-bags to form a resistance. Thus Vauban suc ce s sfu lly 
destroyed a tower near Amsterdam, which was surrounded by 
water; see figs. 09 and 100. 

The walls were six feet thick, and the interior dismeler 
fifteen feet, and so ptereed all round with loop-holes {aaa) hr 
nrasketry and air-holes, as to render the constzucdon of mines in 
die thickness of the walls impracdcable ; a shaft could not be 
•unk below the floor on account of the water; but a timber 
chamber O was formed on the floor, twenty-four indies deep^ 
and twenty inches square, to contain two hundred pounds of 
powder; it was well secured by logs of wood (figs. 99 and 100), 
placed transversely and by props against the roof and sides. 

In a square tower having several floors, mines can be placed 
in the four angles on the ground floor, tampmg the first floor. 

7b destroy powder tnagaxiMS. A succession of mines are 
placed in the piers and springs of the arch of the maga2ane^ so 
diat their eflects shall just cross each other. 

When dme presses, and the demoUdon must be quickly done, 
a heap of powder may be placed on the floor of the magazine, 
an the openings well barricaded and fired by a powder-hose 
bring led without. In order to determine the quandty of powder, 
it has been recomn^ended to calculate the quantity necessary fer 
ordinary mines to overthrow a rev^tement that would have the 
same thickness as the piers of the magazine, and the sama 
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developenietit of length as the walls. Augment the sum of these 
charges by one half, and place the whole in a single heap in the 
midcHe of the magazine. 

As an example of this kind of demolition, the two foHownig 
cases axe given, as having been executed at Tortona in 1801. 

One of the magazines was ibrty-seven feet long, thirty ^et 
wide, and thirty-seven feet high under the key of the arch ; (he 
walls were eight feet thick. At a distance tyf nine feet, it had a 
wall to inclose it twelve feet high and seven thick. A chaige 
of one thoosand three hundred pounds of powder was placed in 
the centre of the magazine ; all the openings of the building 
were finqly closed with planks and beams. The explosion 
razed the widls to the level of the ground, and threw them in 
great pieces to a considerable distance. A mass of the arch, 
about fifteen feet in breadth, was raised five or six feet, and fell 
again into the interior. 

The other magazine was fifty-eight feet long and thirty feet 
broad; it was surrounded by a corridor or wall on three of 
its faces. It had a story ; the ground-floor had very thick piers 
founded on rock. At each angle was placed a heap of four 
hundred pounds of powder on the story. The explosion over- 
threw the piers and walb, and tore them up in blocks from their 
foundations. 

An easy mode of destroying buildings whose walls are only 
four or five feet thick, (and consequently too thin to admit of 
branches being worked into them, seeing that a miner requires 
two feet to work in), is to lay the charge in equal heaps along 
the bottom of the wall, eitfaeor inside or outside, though outside 
will genendly be die most convenient; and having done so, (e 
throw np a bank of earth to cover the powder, of such a thick- 
ness as to douMe the thickness of the wall, and tbeieby cause 
the Hne of least resistance to be through the wall,^^ which will 
ensure its demolition on the exploaioa. 

The manner in which gunpowder may be used in the attack 
and defence of {daces in nbaa^ is so extensive, that it i# 
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inpowble to embrace aU that may be said on tbe ssbfeet, or 
the many examples that can be selected iiom military histoiy of 
its application. For instance, in the well-contested war of 
booses of Saragossa in I8OO9 Colonel Napier says, at page 44 
of his Second Volume), ** A mine under the Uni?efsity wag 
loaded with dOOOlbs of powder," and a little farther on he adds, 
.*^16,000 shells thrown during the bombardment, and the explosion 
of 45,0001bs of powder in the mines, had shaken the dty to the 
fcondations." 

In conclusion, we find that the action produced by the 
explosion of gunpowder, has afforded engineers many interesting 
theories and experiments. Mouz^ has asserted, that a sovchaiiged 
mine, or globe of compression, renders the usual extent of 
tamping unnecessary, as it can be made up by an augmentation 
of charge. His theory and experiments, howoTer, require 
further illustration. It is sufficient here to state the principal 
results on this subject, which are the experience of General 
Blarescot, viz. :— 



Charge^ 


Tan^ing^ 


Ordinary, or fixed at one. 
Augmented one and a quarter. 

Ditto one and a half* 
Double charge. 


Ordinary, or equal one. 
Reduced to two-thirds. 

Ditto to one-third. 
Suppressed. 



235. In Herschell^s preliminary discourse to the study of 
natural philosophy, there is the following passage : ** In the 
granite quarries, near Seringapataro, the most enormous blocks 
are separated firom the soKd rock by the following process : the 
workmen baring found a portion of the rock sufficiently ex- 
tensive, and situated near the edge of the part already quarried^ 
lay bare the upper surface, and mark on it a line in the 
direction of the intended separation, along which a groove is 
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cot with a chisel ahoat a couple of inches in depth ; along this 
groove a narrow line of fire is then kindled, and maintained till 
the rock below is thoroughly heated, immediately on which a 
line of men and women, each provided with a pot full of cold 
water, suddenly sweep off the ashes, and pour water into the 
heated groove, when the rock at once splits with a clean frac- 
ture. Square blocks of six feet in the side, and upwards of 
eighty feet in length (and such a block would weigh four and 
five hundred thousand pounds) are sometimes detached by this 
method." 

236. On the defensive adcantagea to be derived from rivers^ 
HreamSy canals, Sfc, In order to secure these advantages for 
general purposes, it becomes necessary to have possession of the 
water courses ; the points where the rivers and canals unite ; the 
sluices by which the water isr^^lated ; and of all that can place, 
in the hands of the defenders, the means of navigating at will, 
and of increasing or decreasing the volume and How of the ivater. 

237. Water may indeed be said to form the natural forti- 
fication of low countries, and of vallies, cut by streams or rivulets; 
and to benefit fully by such aids, it is necessary to possess a 
thorough knowledge of their course ; their volume ; their regular 
or irregular flow ; their depth ; and the nature of their beds ; in 
order to determine the kind of fortification best suited to profit 
by their peculiarities. 

238. Water courses are either parallel, oblique, or perpen- 
dicular to the firontier on which operations are canying on ; if 
parallel, they cover it; if otherwise, they either come firom, or 
flow towards, the enemy; and, accordingly, require different 
dispositions in the fortifications situated upon them, to render 
them as usefid as possible. 

239. Fortifications situated upon rivers, especially at their 
confluence, or on islands, secure the advantage of protecting or 
cutting the navigation, and of giving to the defensive army the 
means of acting upon both banks. If a river be parallel to the 
frontier^ the places ooDStracted on its banks will aid the passage 
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€f it, ttitliOT to penetrate heytmi it» or to secure a safe retreat 
aerossit. 

240. FortificatioDS so situated as to draw a natural defence 
fimn water» are difficolt to attack and easy to defend, in inro- 
poition to their dc^^ree of inaccessibilitj ; as in cases of being 
covered by marshy or inundated ground, that cannot be drained, 
and which is only crossed by narrow causeways, commanded by 
numerous direct and oblique batteries. Philipsbourg and 
Peronne axe examples of this : Mantua is in the midst of a lake. 
Valletta and Gibraltar are nearly surrounded by the sea, and 
ofier only a small portion of the enceinte to be approached by 
land. 

241. Fortifications upon rivers have their defensive pro- 
perties greatly augmented when they can make use of the water 
to multiply obstacles by cuts and ditches, or to increase inun- 
dations that cannot be drained, or drained only by g^-eat labour 
and time ; for the attention of the garrison is then confined to 
the defence of the accessible bouta. When the river is consider- 
aUe, and its bed has much dope, it affords the means of 
introducing currents of water into the ditches, which are most 
useful towards the end of the siege. The fortresses of Strad>oo^, 
Landau, Mauberge, Valenciennes, &c. have the advantage of 
being traversed by rivers, the water of which can b^ made to 
flow through ditches with great ease. 

242. A fortress situated on the sea-shore, or at the entrance 
of a harbour, (as Portsmouth), possesses the advantage of 
being able to till the ditches with water by sluice gates on the 
flowing of the tide ; and either to retain the water in the ditches 
by the batardeaux, or to permit it to flow off, on the ebbing 
of the tide : fortifications on rivers, within the influence of the 
tides, have the same advantage. 

243. Inundations that can be extended to a distancC| 
oblige an enemy to weaken himself by extending his lines of 
circumvallation (paragraph 248) when he invests the place; 
they also interrupt the free communication between his diflK^rent 
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quarters, >nd thereby enable the defenders to ad more vigw- 
oualy and successfully by sorties. 

Inundations render ibe fronts they cover nearly inaccessible, 
as they can only be approached by boats : and, the fronts 
adjoining these inundations can, generally, have many of the 
faces of their works directed towards the water, so as to deprive 
an enemy either totally, oi in part, of the advantage of 
cslabliahing enfilading batteries against them ; as to do so, he 
must be able to aline himself on the prolongations of the works, 
which, in this case, fall into the water, 

244. Inundations are said to have the disadvantage of 
producing malaria and disease ; and also, that they render it 
difficult to carry succours to a besieged place ; as the ennny can 
easily command the few approaches to it, 

245, Jniindationi. Let fig, 101 represent a fortress with a 
river Sowing through it : the current running as the arrow 
indicates : the ground being elevated on the fronts K anil L, as 
shown by the shading of the hills; and low on the sides f.Jlf; 
let ^ be the bridge across the river ; if the ardies be blocked 
up so as to stop the current, the water will augment in the bed 
above it, and overflow all the low country at MM, and form an 
inundation, making the fronts about C and B inapproachable by 
a regular attack. An enemy has then only the middle fronts K 
and L, or the low fronts F G, against which to advance. If 
lie should choose the latter, he could be much incommoded 
there by the sudden removal of the barrier, at A, by which, a 
greater body of water would be forced into the bed of the river 
than it would be capable of containing at its low banks /, /, which 
would be overflowed (in the direction of the dotted line] to the 
ruin of the besiegers' magazines am) trenches. Thus the water 
of a river, under these circumstances, can be employed to force 
an enemy from its banks both above and below the place, and to 
oblige him to attack the intermediate fronts Kand L, which 
have been previously strengthened by great ravelins, counter- 
mines, &C. 
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fihoddtbe meaanie of flooding the groimd at 1 have beeo 
reiorted to, the barrier A may be re-establiabed, ' and tlie 
immdationa above (at M) formed anew, in btder to intemipl the 
iDTestment; this artificial lake may even be suflBleienty in aome 
to permit armed boats to navigate it and to disturb the 

dlant; and even to ofier dry spots or islands, on which to 
form advanced posts or batteries of great iaportanee. 

Sometimes when an inundation rises to a great height, it 
finds an issue by one or two sides, and going round the city will 
seek its own bed again ; this would manifestly render a place 
more secure against the enterprizes of an enemy i this, however, 
rarely occurs, as the banks of rivers are usually higher than 
the dike constructed to form the inundation ; so that when the 
water rises to its summit, it flows over and runs into its bed. 
The dike in this case, fig. 101, is supposed to be formed by 
blocking up in whole, or in part, the arches of the bridged, 
which renders such a dike secure against any attempt of an 
enemy to destroy it by shells.* 

246. Currents af water tm ih/s ditehei. To secure this 
advantage, in the case supposed in the foregoing paragraph 
and in fig. 101 ; the sluices B and C should be hidden from the 
enemy's view and covered by bomb-proof vaults. These 
iMitardeaux should be higher than the dike A, that when the 
water flows over the latter, it may not pass over the former 
into the ditches. The other sluices F G serve to retain the 
water in the ditches, or to allow it to escape, as may be judged 
proper. An intermediate batardeau may be constructed, as H, 
4o procure means of augmenting the current. 

« In fig. 29 there is nn iosiance of a small inuodation made by tke 
JPrench at Badajoz, by forming a dam of the bridge leading across the 
stream Rivillas, (at the gorge of the lunette RJ, which prerented all 
direct access to the fronts A, that was breached from the British 
flatteries, P, Ac ; but the colamns, z z^ for assault, were formed on the 
«ther side of the inundation, and penetrated to the breaches, by passing 
Into the covered-way on the west side of this water, and tfils fruf timttd 
fls object 
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In order to preserve a current of ivater tiirongb the city for 
the benefit of the inhabitants, especially for the mills, a little 
canal DE is constructed to allow the water to flow by the sluice 
JD which is made to open and shut at will : it serves also as an 
outlet OB sudden overflowings of the river. In order to open the 
sluice gates easily and quickly, Bousmard (an eminent French 
author on fortification) recommends the following contrivance : 
see fig. 10 U Between two piers, let the ^tes ^, O, turn upon a 
pivot P which is nearer to N than to O ; the parts N P and 
PO being unequal, they do not support an equal pressure 
of water, (which is supposed to press against the gates in the 
direction of the arrows). Let r be a little sliding flood-gate, 
which being raised up admits the rush of the current 
sufiiciently to cause the greatest pressure to be on JfP which 
will then swing (as may be seen by examining the construction 
of the piers) in tlie direction N S carrying O towards Z-: 
abutments being made at 5 and Z to stop the gates. In order 
to shut the gates, dose the little door r, and, with a little aid^ 
it will easily swing round again into its original place. 



CHAP. X. 

On the attack. 

247. To enter upon the strategical movements of an army 
previous to undertaking a siege would be quite out of place in 
a treatise of this kind ; but for the information of the pupil, it 
becomes necessary to observe, that the forces about to undertake 
a siege must have the lead and superiority in the field ; for the 
corps appointed to conduct the duties and details of the siege, 
as also the investing corps (or that which surrounds the whole 
place and hems in the garrison on every side) ought not to be 
liable to have their operations disturbed and defeated by aa 

F 
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Mcmtcallier, after a loM of 8000 men. By this enterpme^ 
Eugene made himself master of the whole of Italy. 

248. ** The army intended to invest a place, approaehes it 
when least expected, and occupies positions simultaneously on 
every side, so as to cut off all its means of communication with 
the country. The positions thus occupied are strengthened by 
good field-works, and a sure communication is kept up hetween 
them. In examining the many sieges carried on in the seven- 
temth and eighteenth centuries, we cannot hut he struck with, 
the immense developement of lines between which the investing 
army generally secured itself. In order to repel any attack 
from an army endeavouring to succour the place from without, 
it was customary to construct a belt of strong field works about 
two or three miles from the place, facing the country ; this was 
the line of circumvallation ; and a similar concentric belt of 
field-works facing the place, was the line of coniravaUaiiim, 
constructed to secure the investing corps against any enterprise 
of the garrison. This mode of proceeding is very ancient; it 
was thus that CoBsar entrenched himself with 60,000 men belbre 
Alexia, and successfully defended his lines of circumvallation 
when attacked by 242,000 Gauls, and those of contravallation 
against an attack of 80,000. These lines appear to have con- 
sisted of a good ditch, from nine to fifteen feet in width and 
depth, fenced on the inside by the mound of excavated earth ; 
and outside of the ditch strengthened by an abattis, or strong 
felled trees, (paragraph 326). 

249. *' It is absolutely necessary to invest the place to he 
attacked ; that is, to surround it with troops ; and, if necessaiy, 
by lines of fieldworks, so as to prevent the garrison holding 
any intercourse with the neighbouring country; for it is 
evident, that if this precaution be not attended to, the defenders 
may be able to draw fresh supplies of men, provisions, and 
ammunition from the country, and the assailants will labour 
under the disadvantage of attacking these renewed means on 
two or three fironts of fortification, and thus waste their 
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BUperiority, which chiefly consists in their capability of bringing' 
up numbers and means of attack continually, while those of 
the besieged, however efficient at first, must in time diminish 
and ultimately be rapidly expended. A place may be reduced 
by investment or blockade alone, and in some instances, where 
it is possible suddenly to blockade a place ill provisioned and 
filled with numerous garrison and population, it may be the 
most ready and bloodless mode of proceeding. Indeed, many 
other circumstances may render it desirable to endeavour to 
reduce a place by blockade. 

*^ At page 5, vol. ii. of Joneses Sieges, we read that on the 
1st of July, 1813, 

** The Marquis of Wellington, attended by Sir Richard 
Fletcher, reconnoitred Pamplona to decide the point of attack, 
and give the necessary orders for commencing the operation 
(that was the siege). 

** The works, however, appeared in such good order, and 
the river so effectually shielded one side of the town, and the 
citadel so covered the other, that the garrison being known to 
exceed 4000 men, and having upwards of 200 pieces of 
ordnance to aid their defence, neither the force which the army 
could spare, nor the means it could command in ordnance, 
stores, or materials, were judged sufficient to ensure its reduction* 
In consequence, the Marquis of Wellington decided to 
substitute a close blockade for a siege, &c. 

" For the more effectual confinement of the garrison of 
Pamplona, and to strengthen the front of the blockading corps, 
the Marquis of Wellington ordered works to be thrown up 
all round the place, on the nearest heights favourably situated 
to command the several roads and communications* Nine 
redoubts, calculated for garrisons from 2 to 300 each, were, 
in consequence, immediately marked out by Sir R. Fletcher, 
on commanding points from 12 to 1500 yards from the 
fortress. The redoubts were ordered to be made of a 
strong profile, and to be anned with the French field-gai» 
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eaptared tt FtMona, firing through embraguFeB. The wlu^ 
ehain of redoubts was speedily in a state of defence. Gar^ 
tisons were allotted to the several works, which were kept in 
them constantly prepared to receiTe and ropel any attack ; but 
the remainder of the blockading force was either placed under 
coTer in the Tillages, or bivouacked on fiiTourable spots just 
without the fire of the place ; the whole however beii^^ in 
constant readiness to form under arms, at their several alaras** 
jMMts, on the first intimation of the garrison making a sortie. 

" In the middle of July» Marshal Sonlt advanced with a very 
strong force to the relief of Pamplona; the British and 
Portuguese forces were concentrated in the Pyrenees to oppose 
him, and the blockade was entrusted to a force of Spaniards 
lM>t exceeding 8 or 9,000 men. 

'* Under these circumstances, increased exertions were made 
to strengthen the several defences of the blockading line. 

*< Several buildings near the place were barricadoed and 
fimned into strong advanced posts, the passage along the roads 
was obstructed in various places, fleches were thrown up to 
{nrotect the guards, and signal-posts were established to com- 
municate intelligence and orders round the whole blockadii^ 
circle. 

^*At this period, when the army of Marshal Soult had 
penetrated to within a few miles of the fortress, and a desperate 
sortie might naturally be expected, all the advanced posts were 
leinforced at night, and chains of sentries were pushed out in 
advance, to g^rd against surprise or the passage of an 
individual, and the whole blockading force remained under 
arms, prepared to repel any powerful sortie. These precautions 
succeeded in preventing a single communication of any kind 
passing between the garrison and the force engaged for their 
relief, on the 28th, 29th, and 30th July, almost within view 
of the ramparts. 

<*This blockade is probably a solitary instance of the 
Investment of a large place, situated close to its own firentiiery 
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iiaving been so successfully maintained for the long period 
of three months^ as to preclude the garrison from once 
communicating with, or receiving intelligence from their 
frimids. 

'^ History fumishea us with numerous examples of places 
that could not have been reduced by any other process than by 
starvation arising from a strict blockade : we have quoted this 
recent instance of Pamplcma to iUustrate the term bloekadef 
and to show the opinion of our great leader the Duke of 
Wellington, on this occasion; and in the investment of the 
other sieges undertaken by him, strong redoubts and posts 
were preferred to the old method of connected lines of 
circumvallation and contravallation.* 

* '* There are only two ways of ensuring the success of a siege ; the 
first, to begin by beating the enemy's army employed to cover the 
place ; forcing it oat of the fleld» and throwing its remains beyond some 
great naturnl obstacle, such as a chain of mountains or a large river. 
Ha?ing accomplislied this object, an army of obser?ation shoald be 
placed behind the natural obstacle, until the trenches are finished and 
the place taken. 

*' But if it be desired to take the placo in presence of a relieving 
army without risking a battle, then the whole materiel and equipment 
for a siege are necessary to begin with, together with ammunition, and 
provisions for the presumed period of its duration, and also lines of 
contravallation and circumvallation, aided by ail the localities of 
heights, woods, marshes, and inundations. 

*' Having no longer occasion to keep np communications with your 
dep6ts, it is now only requisite to hold in check the relieving army. For 
this purpose, an army of observation should be formed, whose business 
it is never to lose sight of that of the enemy, and which, while it 
effectoally bars all access to the place, has always time enough to arrive 
upon his fianlLS or rear, in case he should attempt to steal a march. 

'Mt is to be remembered, too, tliat by profiting Judiciously by the 
lines of contra?allation, a portion of the besieging army will always be 
available in giving battle to the approaching enemy. 

** Upon the same general principle when a place is to be besieged in 
presence of an enemy's army, it is necessary to cover the siege by lints 
of elrcomvallation* 
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9S0. When the defenders have been driven within their 
works, and the place invested, the groond before the fronts is 
well examined,^* and the most suitable sitnations selected for (Ar 
park of artillery and the engineers* park : the former to receive all 
the onlnance stores and ammunition ; and the latter, all the 
engineer stores and materials to be osed in the construction of 
liie trenches and batteries, &c. : these parks should be removed 
beyond the general range of ^e artillery of the fortress, and 
placed behind the slopes of hiUs or in ravines^ but with a ready 
access to the trenches and batteries of attack, for the use of 
which they are formed. 

At page 176* vol. ii. of Journals of Sieges, Sir John Jones 
has the following remarks on the engineers* park. 

** The park was usually formed in the most convenient ^x>t, 
concealed from the view of the place by some rising ground, at 

** If the besieging force is of nnmerical sn-engtli enoagli (affer letvhig 
a eorps before the place of four times the amount of the garrison); to 
cope with the relief ing army, it may remove more than one day's march 
from the place ; bat if it is inferior in nombers, after proTiding for the 
siege as abo? e stated, it should remain only a short day from the spot. 
In order to fall back upon its lines if necessary, or receiTO succours in 
ease of attaclc. 

*' If the investing corps and army of observation are only equal when 
united, to the relieving force, the besieging army should remain entire, 
within or near its lines, and push the works and the siege with the 
greatest activity." — Military Maxims of Napoleon, 

* Localities sometimes greatly favour the assailants ; for example, in 
(he second volume of Journals of Sieges by Sir John Jones, it is stated 
that, on the close investment of Bayonne by the Duke of Wellington, in 
February, 1814, ** a road forming almost a parallel to the new works, at 
two hundred and forty yards in their front, served as a communication 
along the centre of this line, and by means of traverses, walls, &c. vras 
converted into a beautiful covered- way, along which, and the houses in 
Its front, the pickets were lodged. 

** The troops during the blockade bestowed considerable labour in 
strengthening these advanced parts ; and although the garrison cannon- 
aded them frequently, they never succeeded in dislodging a sfaigla 
fleket. 
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tbd distance of eighteen hundred or two thousand jrarda; 
eare being always taken to select a ravine from which the 
communications irom the rear to the park, and from the park 
to the trenches, should be practicable in the worst weather and 
easily to be found in the dark. 

** The officers of engineers, the officers acting as engineers, 
the men brigaded as sappers^ miners, and artificers, and the 
field-train commissariat, encamped or bovouacked in a regular 
manner, in the vicinity of the commanding engineer's tent ; and 
the tools, fascines, gabions, platforms, splinter-proof timbers, 
scaling ladders, sand-bags, small stores, &c. &c,, aa brought into 
the park, were regularly piled, or arranged in rows of fixed 
numbers, so as to be counted in a moment, or a demanded number 
issued without confusion in the dark. 

**The saw pits and places of work for the carpenters, the 
forges for the repair of tools, and the spaces for re-tying and 
re-making damaged fascines and gabions, and generally for every 
species of labour which could be performed out of the trenches, 
were also established within the park boundary line, for the 
convenience of overlooking the workmen, and the security of the 
materials. 

<* Unless the situation of the park be extremely weU 
concealed, eighteen hundred yards is rather too near the place ; 
for at Badajos, at that distance, the rolling shot and occasional 
shells which came into the park were a source of considerable 
annoyance ; and it should not be forgotten that the cavalry of the 
garrison in a sortie absolutely rode through the park, and had 
the opportunity of burning the whole supply of fascines, 
gabions, &c. 

Entrepot. 

** A little in the rear of the mouth of the trenches, an entrepot 
was established, at which a noncommissioned officer attendee^, 
for the purpose of collecting stray and broken tooU from tlM 



iMiiches; and ereiy thiog letomed from the trenclies to tko 
park was, in the fint inatance, deposited in thia entrepot, till it 
could be aent ibr at a conTenient moment by a woriung pmrtj 
from the park. 

'*Thi8 arrangement had its origin at Ciiidad Rodrigo, in 
DODsequmce of its being a great delay and additional fatigoe to 
the troops relieying at mid-day, to make the detour of the 
engineers* park to deposit the returned tools and stores. 

«< Such an entrepot will however, under all circumatancea^ be 
fimnd of the greatest use." 

The trenches are generally opened at a distance of six 
hundred jrards from the place: and as the engineers* park is 
usually at a distance of one thousand eight hundred or two 
thousand yards, an entrepot becomes necessary, of which Sir 
J. Jones speaks, at page 178. toI. ii. ; in the article just quoted. 

251. The pupil is referred to the preliminary observatioDa 
on the attack of fortresses by Sir John Jones, in the 1st toL of his 
Journals of Sieges, all of which would willingly be transfened 
into these pages, did not want of ^ce forbid a longer extract 
than the following. 

** The first operation of a besieger is to establish a force 
equal to cope with the garrison of the town about to be attacked, 
at the distance of six or seven hundred yards from its ramparts. 

** This is effected by approaching the place secretly in the 
night with a body of men, part carrying entrenching tools, and 
the remainder armed. The former dig a trench in the ground 
parallel to the fortifications to be attacked, and with the earth 
that comes out of the treneh raise a bank on the side next the 
enemy, whilst those with arms remain formed in a recumbent 
posture in readiness to protect those at work, should the garrison 
sally out. During the night this trench and bank are made of 
sufficient depth and extent to cover from the missiles of the 
place, the number of men requbite to cope with the garrison, 
and the besiegers remain in the trench throughout the following 
day in despite of the fire or the sorties of the besieged. This 



210 

trench is afterwards progreasiTdy widened and deepened, and 
the bank of earth raised till it forms a covered road, called a 
parallel, embracing all the fortifications to be attacked ; and 
along this road guns, wagons, and men, securely and conre^ 
niently move, equally sheltered from the view and the missile* 
of the garrison* Batteries of guns and mortars are then 
constructed on the side of the road next the garrison, to oppos9 
the guns of the town, and in a short time, by superiority of fire, 
principally arising from situation, silence all those which bear 
on the works of the attack. After this ascendancy is attained^ 
the same species of covered road is, by certain rules of art, 
carried forward, till it circumvents or passes over all the exterior 
defences of the place, and toudies the main rampart Mrall at a 
spot where it has been previously beaten down by the fire of 
batteries erected expressly for that purpose in the more advanced 
parts of the road. 

** The besiegers* troops, being thus enabled to march in 
perfect security to the opening or breach in the walls of the 
town, assault it in strong columns, and being much more nume- 
rous than the garrison defending the breach, soon overcome 
them, and the more easily, as they are assisted by a fire of 
artillery and musketry directed on the g^arrison from portions of 
the road only a few yards from the breach ; and which fire can, 
at that distance, be maintained on the defenders of the breach 
till the very instant of personal contention, without injury to the 
assailants. The first breach being carried, should the garrison 
have any interior works, the covered road is, by similar rules of 
art, pushed forward through the opening, and advanced batteries 
are erected in it to overpower the remaining guns of the place ; 
which effected, the road is again pushed forward, and the troops 
march in security to the assault of breaches made in a similar 
manner in those interior works, and invariably carry them with 
little loss. 

** To preserve the life of a single soldier is, however, always 
an object; therefore, when time is abundaat, the loss ei the km 
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able circumatanoea is avoided ; as, by a amall delay, the coTered 
road can be equally well pushed up and through the bleach, 
without giving the assault, as after the breach has been carried ; 
and thus, by art and persevering labour, the strongest and most 
multiplied defences frequently fall without any exertion of open 
Ibroe. 

*^ From the foregoing description it will readily be conceived, 
that the most important object at a siegpe is to carry forward the 
covered road to the walls of the place, and that all the other 
operations are secondary to, and in furtherance of, such an 
advance; and consequently, that the efficiency of armies at 
sieges depends on their ability rapidly to complete the road, and 
at a small expense of life. 

^ To enable the general reader to form his own judgment on 
the means necessary for such efficiency, it should be stated, that 
the formation of the covered road is attended with different 
degrees of difficulty in proportion as it advances* 

** At its commencement, being at the distance of 600 yards 
from the fortifications and not straitened for space, the work can 
readily be performed by the ordinary soldiers of the army. 
The second period is, when the road arrives within a fair range 
of musketry, or 300 yards from the place ; then it requires par- 
ticular precautions, which, however, are not so difficult, but 
that the work may be executed by soldiers who have had a little 
previous training. The third period is, when it approaches close 
to the place— when every bullet takes effect — ^when to be seen 
is to be killed — when mine after mine blows up the head of the 
road, and with it every man and officer on the spot ; — ^when 
the space becomes so restricted that little or no front of defence 
can be obtained, and the enemy's grenadiers sally forth every 
moment to attack the workmen, and deal out destruction to all 
less courageous, or weaker than themselves. 

** Then the work becomes traly hazardous, and can only be 
performed by selected brave men who have acquired a difficult 
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And most dangerous art called sapping, from which they them- 
selves are styled sappers. 

** An indispensable auxiliary to the sapper is the miner, the 
exercise of whose art requires even a greater d^^ee of skill, 
courage, and conduct, than that of his principal. The duty of 
a miner at a siege is to accompany the sapper, to listen for and 
discover the enemy's miner at work under ground, and prevent 
his blowing up the head of the road, either by sinking down and 
meeting him, when a subterraneous conflict ensues, or by running 
a gallery close to that of his opponent, and forcing him to quit 
his work by means of suffocating compositions, and a thousand 
arts of chicanery, the knowledge of which he has acquired from 
experience. Sappers would be unable of themselves, without 
the aid of skilful miners, to execute that part of the covered 
road forming the descent into the ditch, and in various other 
portions of the road, the assistance of the miner is indispensable 
to the sapper : indeed, without their joint labours and steady 
co-operation no besiegers* approaches ever reached the walls 
of a fortress. 

**A siege, scientifically prosecuted, though it calls for the 
greatest personal bravery, the greatest exertion, and extraor- 
dinary labour in all employed, is i>eautifully certain in its 
progress and result. More or less skill or exertion in the 
contending parties will prolong or shorten in some degree its 
duration, but the sapper and the miner, skilfully directed and 
adequately supported, will surely surmouBt every obstacle. On 
the contrary, the sieges of armies destitute of these capable and 
confident auxiliaries, are hazardous in the extreme. Their eidy 
chance of success is in scrutinizing the exterior of a fortress to 
discover some spot from whence, in consequence of the 
irregularity of the ground or faults of construction, the main 
escarpe wall can be seen at a distance sufiiciently great ibr 
ordinary soldiers to approach with the covered road, and there 
establish batteries to form an opening through the wall into 
the place. 
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**Th9i eflfeeted, the troopg mittl advance to the ainiiH of 
the breaches as in the 16th century, loaiiig the shelter of the 
covered road at the moment the fire of the place becomea moat 
powerful and destructiye ; whereas, the fire of the beaiegen* 
^stant batteries being necessarily suspended to avrnd killing 
their own storming party, the garrison can, with impunitj, 
flKKmt on their parapets and use every kind of weapon and 
flussile in their defence. 

<* Should the columns, under these disadvantages, airive in 
good order at the brink of the ditch, they must descend into it, 
down a wall firom fourteen to sixteen feet in depth, which cannot 
faU to break their order, and throw them into oonfiision. No 
fieah formation can be attempted, in a spot where death ia 
incessantly showering down on the assailants, and they rush to 
ihe breach more like a rabble than a solid column. 

** From this moment, success hinges on the individual and 
eonfident bravery of the officers and troops, and the unshrinking 
finnness of the commanding general in encouraging and 
supporting their efforts* 

** These qualities, when united in a high degree, may obtain 
success at a considerable sacrifice of life ; but whenever such 
nature of assault has been attempted under ordinary circom-* 
stances and feelings, in former or recent wars, repulse has 
invariably been the consequence.*' 

252. Previously to entering upon the details sketched in 
the foregoing paragraph, it is proposed to describe some of the 
materials used by the engineers, and the manner in which they 
execute their offensive works. 

1. The construction of fascines. 

2. Ditto of gabions. 

3. Ditto of sand-bags. 

4. Ditto of batteries. 

5. Ditto of field powder magazines. 

The pupil has already had the nature and object of the three 
first, viz. : fascines, gabions, and sand-bags, explained from 
paragraphs 73 to 80, to which he is referred. 
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aie usually made of good strong brushwood laid in 
a bed or cradle of tressels, as seen in fig. 102, where the tressds 
a 6 are at aboat four feet apart : two levers, united by a rope or 
chain about four feet in length, are used to choke the iasdne, 
by being passed round it, and pressed by men on opposite sides, 
till the brushwood is about nine inches in diameter ; for which 
purpose there are two marks on the rope or chain, at fourteen 
inches on each side of its centre, (that is twenty-eight inches 
apart), and the fascine is increased or diminished in substance 
till these marks meet in choking it closely : before the choker is 
removed a strong withe or bitider is passed round the place^ 
where it is compressed and firmly fastened : these binders are 
at about eighteen inches apart, and much of the goodness of the 
fascine depends on their strength and fastening. 

Fascines are made of various lengths and diameters, accord* 
ing to the required purposes ; but the usual dimensions axe 
eighteen feet long, and nine inches in diameter; such a fascine 
would weigh about one hundred and forty pounds, and can be 
made by five men in one hour, including the cutting of the nia« 
terial when at hand in a wood. With the fascines, bundles of 
strong pickets are prepared, in the proportion of six to each 
fascine : the pickets should be about four feet long, and one and 
a half inches in diameter ; and are used to fix the fescines into 
the earth, and to each other, as they are buili up to form a 
rev^temrat. 

Besides these long fascines, (or, as they are often called, 
saudssons), there are shorter and smaller fescines used in car« 
rymg on the work of the trenches at a siege. These trench^ 
fascines are about four or five feet long and six inches thick : 
there are also thick fascines of eighteen inches in diameter, and 
from six to nine feet in length, called waier-fascineSf used to 
cover a wet surfece : and in crossing wet ditches, they are sunk 
with stones in layers to form a causeway, (paragraph 297). A 
small kind of fescine is used in sapping, called a sap-faggot : they 
are usually three feet long, and nine inches thick, having a strong 
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shnp-pointed stake througfa their middle to fix tbem into the 
ground. 

In constructing a field work, the number of iascines required 
to rey^t is readily found by the following rule : 

Divide the length of the work by the length of the faadnes, 
and divide the height of the work by the thickness of the 
frsdnes ; then multiply the two quotients together for the number 
required. 

253. GabiofUf or cylindrical baskets, open at top and 
bottom. To construct these well, the men employed most be 
acquainted with basket work in all its parts. 

Gabions are of various dimensions, according to their in- 
tended use. When required to revet the steep interior slopes of 
batteries, two upright rows of them should equal the full height 
of the parapet ; in this case, the basket work is strongly and 
rather coarsely made; but in the sap-gabions the work is 
carefully waled and finished. The gabions used in the late 
siege of Antwerp are said to have weighed forty-five pounds 
each. 

To construct a sap^gahioriy as in fig. 103, a circle of tw^i^ 
inches in diameter must be traced on a clean hard level piece of 
ground : each quarter of the circle is divided into five parts, and 
small holes made at the points of division, to receive straight 
uprights of three feet and a half in length, around which the 
withes of the basket work are waled, as seen in fig. 103. When 
finished, the gabion is two feet nine inches high, the ends of the 
uprights are cut ofi^ and the work is firmly stitched together from 
top to bottom in several parts. A sap-^bion, carefiilly made and 
finished^ generally weighs about twenty pounds, and occupies four 
men for one hour. 

Circular boards of the dimensions seen in fig, 103 have been 
used, and are recommended, on which to form the gabions. 

The sap-roller used at the field engineer department, 
(at Chatham, under the directions of Colonel Pas1ey),is repre- 
sented in perspective, in fig. 104 : it consists of two concentric 
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gabions each six feet long : the greater one has a diameter of 
four feet, and the lesser one of two feet eight inches ; both these 
baskets are very strongly made, and the interval between them is 
stuffed with pickets of hard wood, not less than one inch thick, 
which renders it musket proof. It occupies eight men for twelve 
hours to make such a sap-roller* 

254. Hurdks are useful in temporary works, to retain earth 
at a steep slope for a short time, &c. ; they are usually made 
three feet high, and from six to nine feet long : they are handy 
in the trenches, especially in wet weather, to form a firm footing, 
and enter into the construction of the passages of wet ditches, 
(paragraph 207). * At the si^e of the citadel of Antwerp, in 
the winter of 1832, the ground of the trenches was so inundated 
and rotten as to require layers of fascines and hurdles to give it 
solidity* 

255. At page 192, vol. ii., of Sir John Jones's sieges, the 
following judicious remark is made : — ** No general rule for the 
size of materials and implements can be laid down ; but in ar- 
ranging the dimensions of fascines, gabions, splinter proofe, &c. 
for any service, it behoves a British officer to consider well the 
nature of the trees and shrubs to be found in the country where 
the army may be acting, or otherwise following the rules taught 
in books, he will find himself occasionally in a sad dilemma* 
For instance, in the early part of the war it happened, 
in making the preparations for the attack of a post in the West 
Indies, the superior density of the wood, peculiar to tropical 
climates, not being adverted to, the fescines and gabions were 
prepared of the usual dimensions, and, in consequence, none of 
the original supply could be made available in the trenches from 
their great weight. 

** Fascines and gabions made in summer will also weigh more 
than those made of similar boughs in winter. 

** Where brushwood or other material is scarce, or difficult to 
be procured, it should be recollected that the content of fascines 
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of eqaal lengChSy bong as the squares of their disiMten, nacli 
will be saved by maldng them of small bulk. 

256. Sand^bags are extremely useAil for rof^tiBC^ tte 
■teep interior slope of field batteries, &c. : they will retaiB «artli 
at a slope of about one fourth ; and as they are intended lor ^eiy 
temporary purposes, the canvass of which they are made may be 
▼ery coarse. When the soil on which a lodgment is omde isiocky 
and bare, bags of sand are thrown into gabions to give cover. 
These bags are usually made up in baies of about two hundred 
each : their dimensions are as follows : 



Empty. 


FulL 


2 feet 8 inches long 
1 2 broad. 
thick. 


2 feet 3 inches 
1 
7 



Sand-bags do not make a good lining for the cheeks of 
embrasures, as the bags burst from the explosion and take fire. 

257. Bales of cotton, woolpacks, bags of hay, &c., stufled 
into gabions, serve to obtain a temporary cover from a mn^etry 
fire ; but these, as well as ^uscines, are apt to take fire when 
there is not a sufficient quantity of soil to fill and cover them : 
thus, in the attack upon the Havanna by the British in 1762, 
the same parapets of fascines were burnt twice. 

258. When a parapet is constructed to furnish a dose 
musketry fire against a work, and is therefore itself exposed to 
the same, it is customary for both parties to cover their men as 
much as possible, by forming loop-holes for them to fire through ; 
this is done either by gabions or sand-bags : the gabions for 
this purpose are in the shape of frustrums of cones, about twelve 
inches high ; twelve inches in diameter at top and nine inches at 
bottom : so that when filled with earth and placed close to each 
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other on their small ends, they meet at top and leave a small 
loop-hole for the musketry to 6re through, and thus cover the 
heads and shoulders of the men : sand-bags for loop-holes axe 
about nine inches in diameter and eighteen inches long ; two 
are placed so near as to leave a small opening between them, and 
a third on top resting its ends on the two beneath. 

250. On the corutrwUion of batteries. Batteries are of 
four kinds : Ijt. cavalier batteries; 2d. elevated batteries; 
Zd. sunken batteries ; and 4tlu half sunken batteries. The first 
has the platform for the gun carriage above the level of the 
ground ; see fig. 105 : this construction is rare, as it involves 
great labour, requiring a large excavation (a to furnish the mass 
of earth b) and many workmen to execute it. An elevated 
battery is a complete parapet, the platform for the gun-carriage 
being laid on the level of the ground, as in fig. 106; this 
construction is in most general use, and is less laborious than 
that of the cavalier battery. A sunken battery has its level 
below the ground line, so that the gun can range just above it, 
as seen in fig. 107 ; the labour of the construction of this kind 
of battery is less than that of the elev«tted kiiid, as the solid 
earth below the ground line forms a portion of the parapet: 
and when guns are fired with an elevation, (as in the case of 
ricochet) this ready and quick construction is greatly approved : 
the depth of the excavation for the interior must depend on the 
height of the carriages upon which the guns are mounted: it should 
be deeper in rear than in front, that it may be drained.* A half 
sunken battery has both an interior and exterior excavation to 
furnish earth for the parapet : the interior excavation is not go 
deep as that of a sunken battery. The interior slopes of these 
batteries, and the cheeks of the embrasures, must be supported 
by field rev4tements of gabions, fascines, or sand-bags. 

260. In the 2d. vol. of Sir John Jones's Sieges, at page 170, 
there is an interesting and instructive memoranda as to the 

* The four-gan ballsry in froDt of Addiscombe House, constmcted 
by the gentlemen cadets, is a very good specimen of a siiaken battery. 

Q2 



228 

manner of canying on the duty and perfonning the work at iSbe 
sieges in Spain; in which he says *'The best lining ibr 
embrasures are the 18 feet fascines, as when rey^ted with 
sand-bags, the bags constantly burst from the explosion and 
take fire. It was found an excellent expe<tient to form the 
interior of the cheek of the embrasures, that is, the part of the 
opening next the g^, with very strong gabions, made larger 
than the ordinary size, and placed so dose to each other, as 
only to admit the muzzle of the gun between them. This, 
besides giving great strength to the interior angles, protected 
the gunners very much from the enemy's musketry. 

^* In &ct, after a few hours of the quick firing, which is 
now practised from heavy guns of iron, the embrasares become 
utterly shapeless beyond the muzzle of the piece, and all that 
can be hoped is to preserve two or three feet of tolerable coTer 
next the interior of the battery. During these sieges, the 
embrasures of the several breaching batteries were fresh lined 
every night ; and though every expedient was adopted to give 
them strength, still they were invariably found on the oosoing 
evening to have returned to a shapeless hole. 

" The embrasures were placed 20 feet from centre to centre, 
when the space for the battery was not confined ; but 18, or 
even 16, feet will be found a sufficient distance when saving of 
space is an object. 

** Most of the batteries at these sieges were thrown up in a 
solid mass, and the embrasures cut through when the guns were 
mounted, in consequence of the destructive fire to which they 
were exposed ; but where the fire on a battery was moderate, 
it was found most expeditious to form the embrasures simul- 
taneously with the parapet.*' 

In the relation of the siege of the citadel of Antwerp in 
1832, published in the 52d number of the United Service Journal^ 
it is stated ** that in all the batteries not exposed to direct fire of 
cannon, the embrasures were furnished with thick musket-proof 
wooden shutters, opening vertically in their centre, and mounted 
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on frames, with iron hinges and handles. These were opened 
to point and fire, and immediately closed on the recoil of the 
piece," 

261. In batteries exposed to a heavy fiie, especially of 
shells, it is necessary to provide as much cover as possible for 
the men serving in them : for this purpose traverses are usually 
placed between every two g^ns ; and as these masses serve to 
protect the men from the splinters of the bursting shells, they 
are generally called splitUer-proof traverses. To make these 
entirely of earth would require a greater space in the batteries 
than could be given, they are therefore reveted with sand-bags, 
&c., or made by a double line of gabions enclosing a few feet 
of earth, as a 6 fig 108, crowned by a single line c; but if this 
be found insufficient, the lower tier may consist of three, and 
the upper tier, of two rows of gabions. In the memoranda of 
Sir John Jones quoted in the last paragraph, he says ** between 
every two g^ns, a splinter-proof traverse of sand-bags was 
built up : it was made perpendicular to the parapet, 10 feet long^ 
and 1 foot distant from it at the base, and consequently its 
height, being regelated by the space between the platforms, so 
as to insure a thickness of 2 feet at the top of the traverse. 
To have ample room for these traverses, it is best to place the 
first two guns 18 feet from the epaulement ; then leave a space 
of 22 feet, then 18 feet, and so on alternately, placing the 
traverse in the larger interval. These traverses in the batteries 
were of essential service, saving many lives, particularly at 
Rodrigo, where the number of shells thrown into the batteries 
was surprisingly great** In the defence of a fortress, 500 
sand-bags are allowed for each piece of ordnance to aid in the 
construction of splinter-proof traverses, repairing embrasures, 
forming loop-holes for riflemen, &c 

262. Fig. 109 shows this construction : the first gun a is 
at 18 feet from the epaulement o ; the second 6 is 18 feet from a ; 
the third gun d is at 22 feet from 6, and in this interval is the 
q)linter-proof traverse •; and so on; so that the length of the 
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parapet from epanlemcnt o to cpanleineiit p will ^pencF Qpoit 
the nomber of ^ns and traverses to be pfaced behind it: te 
traverses are not always disengaged as e» bat are sometinMi 
connected, or engaged, to the parapet, as g, 

Q6S. Fig. 106 shows the dimensions that should be gl^evi 
to the profile of a battery exposed to a heavy fire : and, if it 
bts to be constmcted within the range of mnsketiy, it becomes 
necessary, for the security of the workmen, to begin by placing 
a row of gabions k along the front of the ditch, amd to fin them 
immediately, so that the men proceed with the excavation behind 
this cover. 

Shoald the battery be at more than 600 yards from the place, 
die dimensions shown in fig. 106 may be a little rednced 
especially if the soil be stiff. The depth of the ditch shonfcf 
never exceed six feet in offensive works of this natare ; as any 
tiling beyond this makes it very diflficnlt to throw the sofl op 
fSrom the bottom of the excavation : indeed a less depth (5 feet) 
is more convenient ; in which case, as well as for the additional 
earth required for the traverses, the breadth of ditch, given in 
fig. 106, must be considerably increased. 

The profile of a battery requires to be either increased or 
diminished, in the cases of its being commanded by the 
hostile work ; or, the latter being commanded by it. 

264. Howitzer batteries have usually the neck of their 
embrasures a little wider than long-gun batteries : although the 
new howitzers are so much lengthened in their bore that this 
wide opening will no longer be necessary, for they can be ron 
out into the embrasure like long guns. 

All short guns in batteries, such as the old howitzers and 
carronades, have the disadvantage of requiring wide necks for 
their embrasures, and thereby exposing the gmoners. The 
flash, and expansion of the elastic fluid, on the explosion of the 
charge, also taking place at the neck, soon ruins the embrasure. 
Howitzers being fired with a little elevation, as well as guns fi>r 
licbchet, the soles of the embrasures may in these cases be made 
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with a counteTslope, as seen in fig. IO59 which adds something 
to the general stability of the mass. Howitzers and ricochet 
batteries may be made without embrasures to cover the ganneni 
better, the guns at fifteen feet apart, and retired from the parapet 
so as to fire over it. A trench may be dug between the parapet 
and the guns, extending on both sides of the battery, in order 
to check the enemy^s sorties. When howitzers are fired at 
considerable elevations, that is, 10^ or 12^, this construction is 
best, and gives great strength to the parapet, which can then ba 
countersloping at top, unless a fire of musketry is likely to be 
required from it, in which case, the superior slope must have 
the usual depression to the front. 

265. Mortar batteries, having no embrasures, require their 
ditdies to be greater than gun batteries, to furnish a sufficient 
quantity of earth for their parapets ; and if exposed to a heavy 
fire their superior slope may have a counterslope, (as in fig. 
107, a 6 c), which is a stronger profile than the usual construc- 
tion with a dip to the firont. 

Mortars are usually placed at fifteen feet apart, and when 
fired at 45° of elevation, they are removed to a distance of 
twelve feet from the epaulement : as the angle of elevation is 
decreased, the pieces are proportionally removed to a greater 
distance from the epaulement. 

266. Platforms for mortars and battering guns are absor 
lutely necessary, if the pieces are to fire much from the same 
position, (as in batteries), unless the ground be rocky ; else the 
s(m1 would be so cut up by the wheels, that the fire could not be 
depended upon. Platforms for siege ordnance are therefore 
always carried by the train, commonly on carts or vraggon^ 
consequently lightness and compactness in their construction 
should be studied, as far as is consistent with stability and 
strength. 

The platforms formerly in use were found inconveniently 
heavy during the Peninsular war, and their shape (being 
broader in rear than in front) very awkward to lay in the dark : 
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tbej were first reduced firom their original size to fifteen feet in 
lengthy eight feet broad in firont, and twelve feet in the rear^ 
laid upon five sleepers, six inches by five, and covered with fir 
planks two inches in thickness ; this reduced their weight firom 
thirty-four to about seventeen hundred weight : still the plank* 
Ibrming the flooring of the platform being of different sizes, 
confiision arises in laying them down at night, and the diflSsrent 
platforms are apt to get mixed. Sir John Jones in the same 
memoranda as quoted in the preceding paragraphs, says, ** That 
after several experiments made at Woolwich, it has recently 
been decided, that an oblong platform, ten feet in width by 
seventeen feet in length, having five sleepers, six inches by fire, 
which weighs only seventeen hundred weight, is every way 
suited for batteries to breach or enfilade*. If this prove so, it 
will simplify laying down platforms exceedingly, as then every 
plank will be available for every platform. It will, however, 
require the utmost circumspection and accuracy in marking the 
exact line of fire before dark. Four carpenters, working with 
ordinary exertion, unloaded a platform of the latter dimensions 
firom a waggon, and laid it down in readiness to receive the gmi 
in two hours ; and the same men took it np and reloaded it on 
the waggon in one hour." 

In laying the platforms, the sleepers are embedded in the 
earth, and lower in firont than in rear, so that the flooring rises 
about nine inches in its whole length. It is recommended to 
screw the flooring or planks to the sleepers, as not only a firmer 
and less injurious proceeding to |the timber, but as being less 
noisy — a matter of some importance in preparing batteries 
during the night, in the vicinity of the place to be attacked. 

Mortar platforms are laid with great care, so as to be per- 
fectly horizontal ; for much of the correctness of the practice 
depends upon it. They should also be very strong to bear the 

• ** Perhaps, on further trial, fifteen feet may be deemed sofRcient 
length, and nine feet sofficient breadth, ivhich will still farther reduce 
the weight.'* 



233 

recoil of the pieces, which acts more vertically and more severely 
upon them than the lighter horizontal recoil of guns, on their 
wheel carriages. The dimensions of mortar platforms are a» 
follows : — three sleepers of ten feet in length, eight iuche» 
square ; the planks are six and a half feet long, eleven inches 
hroad, and three inches thick*. 

267. Field powder magazines. — In the memoranda by Sir 
John Jones already quoted there is the following remark on 
this subject : ** Splinter proof timbers for magazines were cut 
twelve feet in length, and from eight to ten inches in breadth 
and thickness, and were placed against an epaulement, parallel 
to the place, at an angle, making the base equal to half the 
height. They were then covered with a tarpaulin, extending 
well over the top of the epaulement, over which were laid one 
or two rows of filled sand bags, so as to prevent the possibility 
of the tarpaulin being cut by splinters of shells. A second 
tarpaulin was usually thrown over the exterior in rainy 
weather. On this construction the magazines were found to be 
perfectly dry, and sufficiently spacious, and of the strength no 
doubt can remain, as the sand-bag covering was frequently 
knocked off. by large shells, and in no instance were the splinter 
proofs broken. 

** The best situations for magazines are on the flanks of the 
batteries. Nothing can be worse than to place them in rear of 
the centre of a battery, as then every cartridge has to be carried 
along the most exposed and dangerous part of the battery, and 
the number of accidents and casualties which arise therefrom is 
very great indeed. The artillery alwajrs preferred to have two 
magazines formed, rather than to have one exceeding ten or 
twelve feet in length : when two were made, they were placed 

* The Addiscombe pupil is referred to the " Repository Exercise 
compiled for the use of the Madras Artillery,*' by Lieutenant Colonel 
Frith, Director of the Artillery Depot ; copies of which he has been so 
good as to furnish for the use of the military seminary, and in which 
will be foond detailed information of the platforms used in India. 
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one <m either flank. A atnatioD, wUch was fimnd te 
extremely well for the magaxinea of battenea conatHMtod ki 
advance of a paiallel, waa» at the extremity of a cat, ande p«w 
pendicularly through the parapet of the commmiicatum froai 
the paraileU at ten or twelve yards before arriving at the balteiy. 
The level of the floor of the magazine waa then kept as oeariy 
OB the level of the approach aa would admit of its being drained : 
and the foot of the aplinter-proof timber was sunk twdve er 
iMirteen inches under it. In this situation an accidentri expt oaoo 
ef the magazine will not injure the batteiy**' 

268. it ia customary to cover the flanks of battenea by 
^paulements as o^p, flg. 100; and» aa these masses of earth are not 
in general exposed to so direct a fire as the parapet, they aie 
not made so thick, nor is it necessary to revet their interior 
slopes : it is these epaulements that Sir John Jones rafers to, in 
the remarks quoted at the end of the last paragraph, as the most 
suitable situations for magazines. 

269. To tram and conatrwA a haiiny. Let fig. 100 be a 
plan of a six gun elevated battery, which must be cardblly 
executed on paper before it is laid down on the ground : the 
length of the crest of the parapet is determined for six guns and 
two traverses in the manner specified in parag^ph 261.- the 
profile is supposed to be of the dimensions shown in fig. 106. 

1st Trace out the length of the line r r for the base of the 
interior slope of the parapet with a cord or tape, then de^ly and 
quickly score it with pickaxes and spades : lay off eighteen feet 
jfiom r to a ; eighteen feet from a to 6 ; twenty-two feet from h 
to dj and so on; and mark the centres of the necks of the embra- 
sures at these points, by driving down a strong picket at each : 
these pickets must stand as high out of the ground as the height 
of the soles of the embrasures are intended to be: (this will 
depend upon the nature of the gan carriage upon which the gun 
is mounted ; for guns on travelling carriages are usually half a 
foot higher than on garrison or ship carriages), picket the lines 
r q perpendicularly to the crest of the parapet, and on the parts 
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r t set op rough latb profiles of the required dimensiens, (ef the 
shape shown ia fig. 110; having a cross pieee ki to show 
the slope of the soles of the emhrasmes) : tlie Knes s s and q q, 
fig. 109, are traced said picketed^ to show the hottom lines of the 
scarp and counterscarp : these lines are respectivelj prod«ce4 
right and left as iar as x and y, to picket the points where the 
bottom of the ditches of the epaalements nieet that of the 
parapet : rf is measured perpendicnlarfy to the rear, and/ h also 
at right angles to rf\ these lines are made equal to the distances 
measured on the plan, so that the epanlement h r forms an angle 
of about 120^ with the parapet : rough lath profiles are set up 
perpendicularly to the epaulement at ^ n : these extremities need 
not be rev^ted : nor indeed is it at all necessary to r^vet the 
interior slopes of the epaulements : these masses o and p must 
be long enough to coyer completely the interior of the battery. 

2d. The ground is now ready for the working party, which 
is told off into squads and marched separately to their ground, 
where they receive directions to begin their work by excavating 
straight down on the lines ss^ q q, the slopes to be formed after- 
wards ; the soil to be thrown on the parapet except such portions 
as are wheeled off in barrows to fiU the gabions, &c., that form 
the splinter proof traverses. 

3d. While the excavation goes on, the traverses are traced 
and carefully built up in conjunction with the parapet : and the 
rev^tement for the interior slope of the parapet is laid by the 
non-commissioned officers or the roost int^gent men. 

4th. When the mass is as high as the soles of the embra- 
sures, the diggers and shovellers are directed to throw the earth 
towards the centres of the merlons, while the embrasures aro 
traced ; the lining of their cheeks and niscks is arranged, and ia 
proportion as this advances, the earth is well rammed against it. 

In tracing the embrasures a ten feet rod is necessary; see 
fig. 109, embrasure a ; where the ten feet rod is laid along the 
line of fire from the neck» and at its extremity two feet four 
inches is measured on each side, to get the play or opening. 
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270* With rapeet to the number of Bien raqnived and Ihat 
dutribtttloD, about one non-commissioned and foorteen men 
aie necessary for each gun : for example, in fig. 109, for the 
portion of work at the gun d; (the marks oo show the dialii^ 
of the workmen). 
4 Diggers in the ditch, to throw to 
4 Shoyellers on the berm, to throw to, and to arrange §at, 
4 Rammers on the parapet. 
2 Builders ) for the interior slope and the 
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1 Non-commissioned I cheeks of the embrasures. 



1 N. C. and 14 men. 



For tracing. 



Tools. 

1 Ten feet rod 

1 Bundle of pickets 

1 Stake per gun 

2 Mallets 
1 Line of whipcord or tape 

1 Ma8on*s level 
Profiles of lath 

8 Shovels. 

8 Pickaxes. 

4 Rammers (to consolidate the earth). 

2 Saws for fascines. 

271. In calculating the time occupied in the construction 
of a field-work ; first, compute the number of cubic feet to be 
excavated; thus, multiply the mean breadth of the ditch by the 
depth, for the number of square feet in the profile : this product 
multiplied by the distance between the workmen, in feet, will 
give the number of cubic feet which each man has to excavate 
and cast up. Now in common soils, it is known that a man can 
excavate about one hundred and thirty-five cubic feet in twelve 



hours;* then if the quantity which each man has to excavate 
be multiplied by twelve and divided by one hundred and thirty- 
five, the result will be the number of hours required to raise the 
work ; that is, under the supposition that all hands work equally : 
for example, take that portion of eighteen feet of the battery, in 
fig. 109, before the gun cf, alluded to in the last paragraph ; 
(the profile of the ditch is seen in fig. 106). 
18 feet-7-amongst 4 workmen=4^ each 
13 feet breadth at bottom 
22 ditto ditto at top 
85-^2x6 feet the depth=105 feetx4|=472| cubic feet, the 

quantity each man has to excavate. 
472^135xl2=2S| hours; the period required to construct 

the battery represented in fig. 109. 
This time may be abridged in the construction of such a 
massive work as is represented in fig. 109, by an additional row 
of men in the ditch, and by a supply of wheelbarrows and strong 
planks to form slopes or runs for them to wheel the soil up 
quickly. But on actual service when exposed to the hostile fire, 
all such calculations as the above must depend on circumstances. 

* For excatatiDg soil for foundations, &c. in the south of England, 
labourers are now paid at the rate of 4>d., 6d., or Sd. per cart load, 
according to the nature of the soil ; the cart load Is ateraged at one cubic 
yard or twenty-seten cubic feet ; in medium soil, a man can load fife 
carts in a day of twel? e hours (that is, he can earn Qs, 6d.) : this will 
give one hundred and thirty-fife cubic feet as the amount excavated and 
thrown up. In elementary works on fortification, it is usual to estimate 
a man*s work for twelve hours at two hundred cubic feet, which can be 
done lb soils easy to work in ; but it is presumed that the foregoing 
statement will be found nearer the truth. 

In the execution of field works, the workmen that have to excavate 
are assisted by others to remove the soil, as well as that they are relieved 
by fresh hands at proper intervals ; consequently, the amount of their 
daily work may be fairly estimated as equal to that of a good day 
labourer. Task work should always be set, and no relief permitted till 
it be fully completed. 
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At pagfe Ml» ToL iL Sir John Jones Bays ** The time neceisaiy 
far throwing up bstteries cannot but be affected by the ciiciiiB* 
•lances under whieh they are formed, the fire to which they are 
eipoeed, the nature of the soil and the materials at command ; 
and rnnst vary at eyery operation. 

^Thtts the PruBsians in summer (after the battle of Watedoo 
in 1815) erected batteries in twelve or fourteen hours agaioat 
places almost destitute of gunners.; and four days were found 
necessary for their erection during the frost of January, and 
under the powerful and well directed artillery of Ciudad 
Rodrigo." (December, 1811, and January, 1812).* 

272. The covered-road spoken of in paragraph 251, is the 
next subject for consideration : its progress may be seen in fig, 
lid ; where the three district pciiods alluded to, are marked by 
the trenches a, 6, c, that run parallel to the general outline of the 
place, and hence their name parallels,^ (The place being fully 
invested and the fronts to be attacked fixed upon)« At the time 
appointed the working parties move to their allotted stations in 
order to brecJe ground or open the first parallel at a distance of 
six hundred yards from the salients of the covered-way of the 
place. Tliis distance is previously fixed by the engineers, and 
all prepared before nigbt-fall to commence operations ; after dusk 
the working parties move silently to their posts, and lie down 
till the appointed signal is given to commence the excavation ; 
they are protected in front by an armed covering party d, having 
detached pickets e, and chains of sentries//, as seen in fig. 113; 
to repel any sortie which the garrison may attempt to make, in 

* The Addiscombe pupil is referred for information on t)ie time 
occapied in constructing the field works in the grounds of the seminary 
to ** The Record Boole of Field Works executed by the Gentlemen 
Cadets.'* 

t It does not however follow that tbtse trenches are always made 
parallel to the general outline of the works attacked It often happens 
that local circumstances favour their being constructed in a different 
direction. 



order to interrupt the work. Every endeaveur is made pim* 
oudy to breaking g^und, to deceive the garrison as to the fronts 
they selected for attack, by making a reconnoisanoe on att 
aidesy and apparent preparations for opening the trenohes ; the 
besieging corps furnishes both the covering party and the wock« 
men ; all of whom are paraded in proper time by day light, and 
told off fcHT their respective duties. The experience gained in tiie 
sieges under the Duke of Wellington led to the following anrange- 
raents, detailed by Sir John Jones in his "Memoranda relating 
to the Manner of Carrying on the Duty and Performing the Wsrk 
at the Sieges in Spain." Vol 2, page 179. 

** Breaking ^ound. 

** A certain number of brigades of engineers were ordered 
for doty, and the working party being told off into a simflsr 
number of divisions, the to<^ were laid out in separate 
portions in the park, according to the strength of the severd 
divisions of woriunen. As soon as it became du^ Hie 
commanding engineer, having previously well reconnoitred the 
ground, went with the officers of engineers for duty, attended 
by a few of their overseers, and pointed out to them the line of 
the parallel and the returns of the approaches to it. The 
officers then divided the extent of the work between them, 
beginning at one end of the parallel, according to seniority; 
and each taking for his portion of it a certain number of yaids, 
according to the number of men contained in his division of 
workmen. He then planted a picket at each end of his 
portion of work, and ran a white line from one end to the 
other; and that the pickets might be readily found when it 
became quite dark, he made one of his overseers lie down at 
each ; and in like manner were all die returns of the approaches 
marked out. Whilst this was executing, the sub-officer of each 
brigade, after having well remarked the situation of his portion 
of the work, so as to be certain of finding it in the dark. 



Tetnmed to the place of assembly of the woiking party, and 
took charge of his diyision. The whole wefe then maitlied in 
one body to the place of breaking ground, either to the coitr^ 
right, or left of the intended parallel, as the country ofiered 
most fiicility for advancing. When that happened to be in the 
eentre, the workmen were filed in two parties to the right and 
left ; but, to avoid coninsion, they were, whenever practicable, 
filed along the whole lengtli of the parallel, say from left to 
light. Then the officer with the leading section marched on 
till he arrived at the picket on the extreme light ; the second 
officer halted his division when the head of it arrived at the 
right picket of his brigade ; the third officer halted his at the 
right picket of the third brigade ; and so on with the othtf 
divisions. Without this precaution of halting each division 
separately, as the men march in much closer order than they 
work, they would all be crowded together, and in the dark it 
is almost impossible to make men extend themselves into 
vegular distances. Each man on marching oat of the park 
carried a fascine four feet in length, which, on the division 
halting, be placed down parallel to the white line, at two feet in 
fipont of it ; and as be afterwards only opened the ground to the 
white line, and threw the earth beyond the fescine, a space of 
two feet was left for the banquette. 

"The workmen were placed four feet apart, and were 
expected at that distance to complete before the hour of being 
relieved, a trench three feet in depth by three feet six inches wide 
at bottom, being something more than a cubic yard and a half of 
excavation. Frequently, however, they did not complete the 
allotted excavation ; which could only arise from want of due 
exertion, for under a heavy fire they never failed to perform the 
same quantity of work in three hours. It would, therefore, be a 
desirable regulation to enforce, that, on breaking ground, no 
relief should take place till an assigned portion of work had 
been completed. The workmen under the present system of 
relieving them at a fixed hour, whether they have done much 
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or little, feel assured that they shall quit the trenches before day- 
light, and are not interested that proper cover should be 
obtained against the fire of the place, which seldom opens with 
much effect till that period. 

** This regulation for a fixed quantity of labour being performed 
by each relief might be beneficially extended beyond the night 
of opening fresh ground ; and, perhaps, even a system of task- 
work might be introduced generally for the works of an attack, 
it being invariably found that the men laboured with the utmost 
ardour and cheerfulness through five or six hours to obtain a 
remission of the remainder of their period of duty in the trenches.* 

'*With each division of workmen a number of spare tools 
should be sent, as it will unavoidably happen that in some parts 
of the line four or five men will be found working together with 
the same nature of tool ; also in some parts the ground will prove 
soft and require shovels only, and in some parts so hard as only 
to be moved with pickaxes. To attempt to change the men or 
tools in the dark is productive of endless confusion ; so that 
where the supply of tools will admit of, each man should carry 
a shovel and a pickaxe. 

** * The following order Is inserted to show that a system of making 
troops labour by task-work received the sanction of, or rather emanated 
froYn, the Duke of Wellington. 

Memorakdum, April 9th^ 1812* 

*' Colonel Fletcher is requested to order an engineer officer at Badajos, 
to assist Major General Power in getting the ladders out of the ditches, 
&c. and collecting them ; in placing the chevaux-de-frize upon the 
breaches so as to prevent all ingress and egress by them ; and in 
shutting the barriers of the covered way, outworks, &c. 

** An engineer officer to be appointed to superintend the rubbing out 
of the trenches; Colonel Fletcher to call upon General Power to supply 
bim with a working party of 500 men at twelve this day for that 
purpose ; this same number to be supplied to-morrow at five in the 
morning, to be relieved by the same number at twelve, and to continue 
in this manner till the work will be finished. 

** This work should be tasked, and the men kept at work till they will 

have finished their task**. 

R 
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«< At the dbtince of the fint ptndld, or 600 jtids firom the 
eovered-waj, there is in high latitudes a considerable period of 
partial obscoritj, during which the work maj be seen to be 
traced, those so onployed not being observable ftoni the 
garrison ; but in southern latitudes the day is so immediately 
succeeded by darkness that not a moment is to be lost in fixing 
the difiecent points. After complete darkness it is impo«Aile 
to tittce any line with ceitainty, for even the very bearing of tim 
front to be attacked becomes doubtful ; and on such occasions ff 
a man be not left lying down at the different points, or a white 
line used, the trace may remain undiscovered for the wIm^o iiight. 

^To enable the engineers to trace out the work in the dusk 
with security to themselves, it is denrable that the investing 
corps should, at sunset every evening, close upon the place, and 
that it should, even in the day time, hold all such advanced posts 
as it can without loss of men. During the time of fixing tim 
marks in the dusk, sentinels must be advanced in firant of the 
officers so employed, and a strong support be pooled near at hand, 
or a cavalry patrol might sweep the whole party into the plaosw 

** Reconnoissances of other points of the fortress should be 
made daily during the investment, and more particularly of those 
parts of which the garrison show a jealousy by mush firing. It 
vrill frequently serve to prevent suspicion of the intended point 
of attack. At Badajoz, both in 181 1 and 1812, officers were 
employed with much show to reconnoitre the south fronts, whose 
motions were jealously watched and interrupted by fire, men 
being even sent out of the place to occupy some ruins to prevent 
their near approach on that side ; whilst underneath the castle 
the commanding engineer, attended by another officer, was 
actually pacing the intended parallel uninterruptedly, under the 
show of being officers reg^ating the advanced sentries. At one 
point this was done close to a French picket, which, by a sort of 
tacit agreement, quietly occupied in the day time a house 
beyond the glacis, retiring from it every evening on the advance 
of the investing pickets, neither party ever firing on the other. 



243 



** Covering Parties. 

** The covering party preceded the working party, and wag 
conducted by an officer of engineers^ selected for that purpoae 
irom those who had acccHnpanied the commanding engineer 
when he laid out the parallel in the dusk ; and who, having 
made himself thoroughly acquainted with the roads, had returned 
to the place of assembly of the troops, which was usually at the 
engineers' park. In these sieges the covering party was always 
placed a few yards in front of the workmen ; but of course the 
general officers of the day places it wherever he thinks proper, 
either in fimnt or rear of them. It would, however, seem most 
advisable to place it in front, as the natural weapon of the 
British, and the most effectual in the dark, is the bayonet, and 
the order of the ttoapa must necesfi^arily be destroyed in crossing 
over the work and through the workman to use it Again, the 
covering party being in ftaat of the woikmen gives tfaem a con- 
fidence, which is essentially necessary to their attending to the 
work. For the same reason it is better that the workmen should 
have tiieir aims, fi>r, when without tfaem, they disperse on the 
dightest alarm, and it is very difficult to collect them again ; 
but such is the natural intrepidity of the En^ish soldier, that, 
with his arms, he never thinks of moving off. The workmen 
carrying thdr arms, is admitted to be a great impediment to the 
work in many respects, but that is considered as being much 
overfoalanoed by the confidence it inspires amongst them and 
the vealaecuri)^ it affords, 

** The battalions, as soon as posted, wese made to lye down, 
haviiig small platoons of men placed in their front, with advanoed 
aentinds. llie sentinels had positive ordefs not to ^xe on any 
acoomt, and the squads were not to fire unless assuosd of a 
sortie advandng in fi»roe. " 
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Besides the working party to execute die first pavalM on the 
nigbt of breaking ground, a detail is alstf told off to connect tbe 
parallel to the dep6ts in the rear, by means of trenches of com- 
munication, g g^ fig. ] 13, a profile of which is seen in fig. 114. 
Good epaolements, h h, fig. 113, should also be prepared beldnd 
the extremities of the first parallel, for the protection of cavalfj, 
who may be required to act against sorties. 

The distance of six hundred yards is selected as soitable fir 
the first parallel, as here there is little to fear firom mnsketiy, 
grape, or canister ; but when the localities of the g^round reqnifs 
that any portion of the parallel should be adyanced or retired, in 
order to command the ground in front, it should be done. 

The moment that the parallel aflfords cover, as wdl as room, 
for the workmen to continue their excavation, the main hoij of 
the covering party retire into it, leaving tfadr picquets, c^ 
sentinels, in advance; but all are to be under cover by day- 
tight next morning. 

The parallel is widened and completed during the day after 
breaking ground, affording a covered post of the dimensions 
shown in fig. 115. 

The parallel is intended as a place of arms, fiimished with a 
guard to protect the further approaches against the efforts the 
garrison may make to retard or destroy them. Sir John Jones 
remarks, in the memoranda already quoted, that— 

*' The guard of the trenches most usually xelieved at noon, or 
as soon as the men had dined, and remained on duty twenty- 
four hours. It would probably be better not to send the guard 
into the trenches on the first day after breaking ground, as there 
is seldom sufficient cover for them and the workmen also ; and 
the trenches being still more than 500 jrards from the place, and 
literally not worth destro3dng, whilst their distance takes away 
all chance of surprising the workmen, the garrison are not 
likely to make any vigorous sortie. Therefore, a few steady 
men being placed in the parallel, the remainder of the guard 
might till evening be kept under the nearest cover, in readiness 
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to advance if required. Such an arrangement would save 
casualties and give room for the workmen to exert them- 
selves. 

** Some valuable asdstance was obtained on more than one 
occasion in forwarding the woric by a portion of the guard 
aiding the working party. As exerdse is beneficial to the men in 
cold and damp weather, this aid should be freely asked by the 
engineer, and willingly granted by the officer commanding in 
the trenches, when it can be done with safety." 

** The guard of the trenches generally at these sieges, but 
more particularly at this attack, fired much too rapidly, and 
too indiscriminately at all points of the defences ; and the 
consequence was, an excessive expenditure of musket ammu- 
nition. 

** It is so natural for troops to fire before them without 
consideration, that the musketry of the guard of the trencher 
can only be rendered effectual through the utmost attention and 
vigilance on the part of the officers. They should select out the 
best shots, and see that they are well covered with sand-bags, 
placed on the top of the parapet, with an opening between 
them, just sufficient for their musket barrels, and should 
explain to the men the object of their being so posted, and 
caution them only to fire when a probable chance of success 
should present itself. The remainder of the guard should 
be kept seated on the banquette under cover, in readiness to 
receive and repel sorties. Any genial fire of the guard of 
die trenches cannot be otherwise than wastefiil and ineffectual. 

** The French certainly at this siege acted most strictiy on 
these principles, for the men of their firing parties were inva*- 
riably posted behind good cover, and never for a moment 
exposed themselves to view ; and they must have been selected 
marksmen, for every gabion placed by the fuU sap was pierced 
by at least twenty bullets, although af^rently the fire on the 
head of the uap was not very great 
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** ParaUeli and apprfmckm^ 

M The ftnl pttridlel wis made ten feet n widtk deit of the 
lMUH|aette^ which is more tiian sbsotlitelj neoeesnry* AfUMl 
a week garrison se?en feet will vsually be fomd enffieient ; bat 
wlnn of that dimension, if the coontry be s«cb that eaniagee 
cannot cross orerit^but obliges them to morealoiig tile p«raBsi# 
tile precaution nmat be taken to makeTarioiis portioBs of tki 
parattel sufficiently wide to admit of two carriages pasnig eadi 
otiwr, or occasional 8toppa|$es wXk eccHur to infemqpt tim cmm^ 
mvnication lor hoixn^ 

** Parallels are, strictly speaking, merely defamiFB tinea to 
r^l sorties ; therefore, the chief object to be attended lo m 
forming paralleb and approaches is a conrenient arrangement 
of the troops for engaging, and a ready oommunicatBMi for 
iiqpport between every part of the trenches. The parapet is 
Ktde more than a screen, nor is it possible to render it shot- 
pioof for a foot or two below its crest ; neither ia it aiaterisWy 
important^ provided it screens from view every thing pasug 
behind it, for no besieged place can afford to risk ti» loss df 
its ammunition, by maintaining much fite on any part of the 
approaches, which they cannot positively ascertain to be thickly 
occupied with men. Good banquettes in all the parailds aie 
essentially necessary, and the second parallel, and every pari 
of the work in ^nt of it, require to be rev^ted with gabions^ 
foscines, or sand-bags, as otherwise the men firing from the 
banquettes, are not sufficiently covered from the effiscts of gtape 
shot. 

*' It is, however, very desiraUe in all interior rev^tementi of 
parallels, or places of arms, more than 150 yards distant from 
a place, to make the rev^t^nents in steps, so as to offer a ready 
means for the gtiard of the troches to advtance cm a good front, 
and meet or pursue a sortie wiA their bayonets. When foe 
approaches are very near, to obtain good cover from musketiy 
and vertical fire is more essential than fitdlity of egress. 
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" Al the BiBge of ihe citail?) of Antwerp, in the winter of 1632, 
owing lo ihe tempnstuous state of the wenther and other causes, 
it was not until near mtdnig-ht that the working parlies were 
definitively posted, and enabled to commence breaking ground; 
but as the nature of the soil rendered the emplaymenl of 
the pickase almost unnecessary, the works advanced rapitlly, 
and the whole of Ihe troops were under cover by day-light 
The mere insertion of the spade beyond the depth of eighteen ot 
twenty inches infallibly produces water ; this was of course 
attended with many serious evils, and in some parts rendered 
the trenches untenable, and utterly prevented llic possibility of 
conveying artillery through the ordinary channels ; at the same 
time, this was attended witli two marked advantages ; as the 
absence of ail atones and hard substances not only afforded greater 
facility for rapid excavation, but had the imponanl merit of 
diminishing the danger of splinters ; whilst in many instances 
the heavy shells embedded themselves to such a depth as to 
render their explosion perfectly innocuous. Thus, out of 
twenty-eight of these projectiles thrown by the besieged, during 
one day, into battery No. 7, three only cast their splinters above 
ground, 

*' At this siege the nearest point of thefirst parallel was only 
three hundred and twenty-five yards, and lis furthest point 
four hundred and fifty yards, from the most advanced works of 
the citadel : the length of the parallel was one thousand and 
aeventy yards, and Ihe approaches Irom the rear three thousand 
seven hundred and fifty yards." — UftiledSeTviceJouT7uil,JVo. 52, 

273. On the morning after breaking ground, the engineers 
determine the positions in the parallel for the construction of Ihe 
batleriee to be raised to subdue the fire of the place : the situations 
for thericocbel and enfilade batteries are fixed al ihe spots where 
the prolongations of the faces of Ihe various works (that com- 
mand the ground To be passed over) fall into the first paraltei ; 
and those for direct fire arc opposite to the faces to be conntei- 
baltered. 
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Fig^. 122 shows ihe oudine of part of an attadi made upon 
the front • of a heugon ; the two a^^oining fiontB being 
indnded within the envelopment of the first p^rflM, tiiat 
batteries may be erected to silence thdr fiie, whidi ^''""T'liHta 
the ground of attack : the object is to gain possession of die 
ravelin n, and to penetrate the enceinte by either of iho l?astiMM 
o or r. 

Batteries Nos. 1» 2, 3, 4, 5, 6, 7, 8, and 0, are erected to 
m^lade the Uices of the works, whose prolongations^ (it may be 
observed by the fig^ure), fall into them : but as the faces of the 
extreme bastions, c and d^ when prolonged, fall upon groond 
quite beyond the reach of the first parallel, the batteries a and b 
are armed to combat them by a direct Jire, The batteries 3 and 7 
need not be constructed, unless the fire of the faces of die ravdins, 
t and At, become troublesome ; for these faces see only a portion 
of the ground of attack, and that obliquely. 

In the second volume of his Sieges, at page 200, Sir John 
Jones observes, that ** The best situation for batterks is in the 
parallel, as, by placing th^n there, their position may be deter- 
mined at day-light of the morning, after breaking ground, and 
fourteen hours will thereby be gained, besides profiting by the 
excavation of the night. The terre-plein of the batteries in this 
case win be sunk three feet ; which should be made the levd of 
the bottom of the sleepers of the platforms, as an excavation 
exceeding that depth retards the completion of the battery, from 
the disproportionate quantity of soil it gives to that required for the 
.parapet, which it is unnecessary to make of a greater thirknpi^ at 
top than ten or twelve feet, or at the utmost fourteen feet. Bat- 
teries of this construction and profile may readily be completed 
to open in thirty-six hours, numbered from day-light of the 
morning after breaking ground. 

** Batteries to breach, or for direct fire, cannot frequently be 
sunk, and the ditch alone affords the mass of earth for the 
parapet ; when such batteries are within effectual musketry 
range of the place, it is expedient to plant a row of gabions along 



249 

the from of Ihe ditch, and to fill them instaDtly upon rommencing 
the escavation. Such a precaution will save many casualtiea 
among the workmen. 

Hence it would appear, that batteries a and 6, in fig, 122, 
being for direct fire, should be elevated ; while the remainder 
being for enfilade and ricochet fire, may be sunk, and can be 
constructed in the parallel, in which case, thi>rc should always 
be a trench of communication round their rear connocling the 
parallel, that Ihe service of the battery may not be interrupted. 

The pupil is referred to the supplementary notes, paragraphs 
801, 302, 303, and 304, for information on the number of men, 
the quantity of artillery, of ammtmition, and the engineer's 
means, necessary to carry on a siege with vigour. 

It is of the utmost consequence to complete the batteries on 
the first parallel as soon as possible, that the fire of the defences 
may be checked and subdued by the combined efibrla of the 
enfilade, ricochet, direct and vertical fires, of the besiegers' bat- 
teries. The pupil is referred to paragraph 302 for information 
as to the quantity of artillery required for the arming of these 
batteries. 

274. While the armiog and practice of the batteries is 
going on, the engineers prepare for pijphing the trenches towards 
the place. These are constructed iu a zigzag direction ; so 
that, when prolonged, they shall fall clearly without all the 
defensive works, thai they may not be enfiladed. These trenches 
cro^s the ca{Htals of the ravelins and bastions alternately to the 
right and left. Here they are not exposed to the direct fire of 
the works, towards which they advance; and also, it may be 
obseri'ed, (by examining the directions of the fires from the 
various batteries on the first parallel in fig. 122,) that the zig- 
zags, s e, are in situations where they interfere less with the 
fire of the batteries ttian if constructed anywhere else. 

In distributing the men for excavating the zigzags, they 
are placed as seen at o o o and x 1 1, fig. 1 16, that the return 
abc maybe executed at the same time as the real; so that the 



filing tkmg the tiendi • bxtog nmj be eofwed Ui front at 
well M on the right flank, whence comee the fire of the pines ; 
the eztroni^ z of the zigzag is formed into m nafv to fiwfliMi 
flgnae and higresa. The zigzags to die rear of the finC 
paiallel are, in like manner, directed dear of enfilade^ aad 
hare protecting returns to corer their openings. 

As the ligzag trenchea are meielf intended aa c o tefe d 
conmranications finom one parallel to another, diey are not lor- 
nishedwidi a banquette; and^aathejontypreaentdieir paiapelB 
•bliqnelj to the fire of the pboe, there is no neoeaaitf fi^r a 
greater thidmess than twdve foot to the whole parapet at tfio 
haee^ aa seen in fig. 114. 

The zigzags are poshed on till diejr arrive nearly within 
tfie readi of the mudietiy fire of the place, or widiin tibree 
hnndred yards of the salients of the covered way ; bat they are 
nerer constructed beyond the effident range of the musketry of 
the place of arms, or parallel in their rear, that has to w/ffpagi 
tihem* 

One of the errors of the old method of attarking furlresaui 
was, that of establishing the first paraUel as just described^ and 
poshing on the zigzags to the foot of the glads, unsupported by 
parallels, in consequence of which the sorties finom the place had 
only to act against the guard and workmen that occupied the 
head of each approach, and were therefore generally anooeasM 
in dbstroying the work, and greatly retarding its progreos, 

Yauban first introduced the enveloping paralldla; the 
aecond within musketry range of the first ; and the tfiird and 
fourth between the second and the glacis ; so as always to 
aflbrd the approaches not only a good close fire, but a strong 
guard at hand, to repel any attempt made to intern^ the work 
by sorties. 

When arrived within the range of the musketry of the place 
it becomes necessary to construct the trenches with greater care 
and caution, and as the mode of doing so is called sapping, an 
explanation of tiie process is requisite. 
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275. Sapping ia a mode of conslmcting' irenchps and 
parapets uiider a inuskPtrT tire. The sappers, or enginmt 
Hoidii^rs, must be well instructed in their business ; it is a slow 
operation, as the work cannot proceed at aqaicker rate ihanirhat 
one man can dig- at a time. For this duty, the sappers are tolct off 
into squads or brigades of fonr men each ; the man at the head 
of the squad is the lirst sapper, and they are numbered 1, 2, 3, 4. 
The head of the trench, which they dig, is covered by a sap 
roller [paragraph 253 and fig. 104) : and, on the flank whence 
the Sre comes, the sappers are protected liy a line of gabions filled 
*iib earth. Figs. 117 and 118, show a plan and section of a 
single sap, with the work of each sapper numbered : the sap 
roller c is pushed on by the head sapper, assisted by No. 2, by 
means of forks having long handles. 1 he first sapper cnts the 
trench marked No. I, making it eighteen inches wide and 
eighteen inches deep : No. 1, also places each successive gabion : 
he workfi on his knees taking care to leave a berm or banquette 
of eighteen inches between his trench and the row of gabions : 
he works in a length of five feel, with which the fallowing 
sapper does not interfere ; No. 1 ia very careful not to allow his 
body to pans the gabion last placed till he has filled it with earth, 
and placed a sap-fascine or a couple of sand-bags in the hollow 
between the two advanced gabions, so as to have a musket shot 
proof cover behind which to continue his work; the leading 
sapper thus occupies the most dangerous, as well as the most 
laborious post, which each of the squad lakes in succession. 

No. 2 works on his knees and excavates the trench marked 
2 in the plan and section ; to equalize the work, his trench is 
twenty inches wide and eighteen inches deep, having a length of 
five feet. 

No. 3 follows No. 2, deepening the trench to three feet : and 
No. 4 completes the trench by enlarging its breadth ten inches 
and deepening it to three feet : the earth excavated by the squad 
is tint put Into the gabions and aAerwards thrown beyond them, 
to as to form the rough parapet seen in the plan and sectios. 



Wovkiiig paitiflt foDow die Mppm tad co—ptehi tte tnbdk to 
mij iWm f^i'^^^"* * thai aiaj be leqnired. 

In Mppiiif or in ndng gMaoM as a le f^ te ae n tf be. Ihef 
riwnid alwap ha^e a little dope ontwaidi toiwardt the panpe!, 
of about one qnaitec their height ; for if plaeed qdte nprigfat^ 
aajjawellingof the freeh earth of the paiapek frooi rain, would' 
throw then down uiwardi* 

S76b The time occupied in conttmcting ten feet of tap, in 
Aamanner just deacrihedyiaeboiit one boor; but if» daring the 
night, the fire firam tiie place alackem, portiona of «ip may ba 
pmhed on more rapkUj by placing several gabions atatineand 
filling them simoltsneoiisly ; when this is done, it is tenned As 
Jkfmg 9ap^ Tlie F^nch sappers at the late siege of the citadel 
of Antwerp, were armed with helmets and cniraHes accoiding 
Id die old system : these were Iband to resist mnsketxy, bat were 
insaffident against grape and splinters. 

277. The ezecation of the second paiallel is generally by 
flieflyingsap: its distance is widiin the extreme range of Ao 
mwketiy of the corered-way of the place, or diree handved 
yards. 

The tracing of the first parallel requires considerable care; 
the tnie distances from the salients of the place most be fixed; 
and it most embrace all parts of the fortress that look apon the 
march of attack : in tracing the second parallel^ guided by die 
plan of attack, points on the first parallel are marked at eqoal 
distances irom each other; engineers start from these pctets 
walking upon some fixed objects till tbey have paced three 
hundred yards; they then connect their positions by white 
tapes {Mcketed down. 

The working parties assemble at the engineers* depdt befiyre 
dosk, whiere their tools are arranged in columns, behind which 
the divisions file : each man carries a gabion and an entrenching 
tool: a spade and pickaxe between two, who afterwards work 
together bdiind their own pair of gabions ; the working party is 
pseeeded by a covering party having an advanced ehun of 
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sentries ; the whole supported by battaliona in the most advanced 
zigzags or approaches : each cngini^er conducts his men (in the 
manner described in Sir John Jones's note, paragraph 272) and 
eees their gabions placed close together at two feet beyond the 
while tape: the men then lie down till the engineers have 
aficertained that the whole is connected and ready ; when, at the 
appointed signal, the excavation begins : the gabions should be 
filled and musket shot proof in ten or twelve minutes, after which 
the earth excavated is thrown beyond the gabions to form the 
parapet; ample cover should he obtained by day light next 
morning as well as a respectable width of trench finished, as every 
two men have only the breadth of two gabions (about three feet 
four inches) lo excavate. 

Elementary writers give the fourth or iiflh night trom breaking 
ground aa about the period for executing the second parallel. 

The parapets of the second parallel, as well as those of all 
the other parallels nearer to the place, must have sufficient 
thickness to resist the Are of the artillery of the place : the first 
parallel from its great development, is a mere screen and covered 
post, nor would an enemy waste his ammunition by attempting 
to destroy it : it is true that he may concentrate his fire upon 
some particular suspected spot ; but the general dimensions may 
on the whole, be even less than those shown in fig. J 15. But 
were the enemy to concentrate his fire upon poriions of the 
second parallel which is so much less than the first in its extent, 
and within 300 yards of his guns, the commuuicalion might be 
seriously interrupted ; consequently the parapet must have a 
base of at least eighteen feet. On the night of constructing the 
second parallel, some zigzags of approach beyond it, may be 
traced and executed by the flying sap ; but, from tho proximity 
of the place few opportunities will afterwards present themselves 
for this expeditious mode of construction, unless the lire be very 
slack indeed. 

At page 208, vol. 2, Sir John Jones says, that "At St. 
Sebastian, the sappers finding the 6re from the place very slack. 



conliived lo pwb oo tlie MfifKtmdbm won nfittf ihm 
Iqr a «iB0d Mtan of ^iig and fiill Mp: timt i^ the 
mdsnBODg on tbok bands and .knees, plaoed one tnp^ gnfami 
aHor anoHMTy till a iraall itnw was Ibmed : tben two or thna 
aappeia plaoed themselvee behind the emptjr gabiona at gooi 
Jirtiacoe from each others and aittiog at ibeir wofk, eaeb fewi o d 
m anaU hole lor himaelf, and with the earth from the eneavatton 
illed the gabion in his front ; after this, the sappers s ey e t aMy 
^porked towards each other, till the whole row of gabions waa 
Med and a trench fonned along thrir rear. This mode oC 
proceeding woold probably facilitate the redaction of a smaH 
^letacfaed wcnrk, the artillery and mosketiy of which was well 
kept under, bat would not be generally found practicabla nnder 
aamarttfe.** 

878« The second parallel need not be of such an ezleiit aa 
ihe first : and it is customary to protect its extremities by foming 
a a d on bts , to contain a few pieoes of light artilleiy and a atroi^ 
ibtachment to repel sorties; these redoubts are recommended ts 
to constructed as that seen in fig. 122, g ; that all the fruses 
pvokinged may be dear of the works of tbe place, and not liable 
tebe enfiladed: the rear faces of auch redoubts, not beiiig 
CKposcd to the fire of the place, need not be of so strong a 
fMTofile as tbe front faces. 

Instead of a redoubt, the extremity of the secrnid parallel 
may be continued in a defiladed curve to tbe rear to join the first 
fiaraUel, as/ 87, (accented), fig. 122, which has the adranti^es 
of shutting in all the ground between the parallels, and of 
giving an additional trench of communication, whi<^ may prove 
of importance in reinforcing the troops in the second paralld, 
if attacked by a stnuig sortie. 

If the defence be not very active, neither of these methods 
need be resorted to, but tbe extremities left en Voir, as 66 
fig. 113. 

279. By reference to fig. 122, it may be seen that the fire 
from batteries No. 1 wad 9, is not at all obscmmd by the seeond 



pBrallcil : and, if Ihe graunil between ihe first parallel and the 
|>ltLce, be level, the second parallel will not interfere with the 
fire of the other richocbel batteries : for the giina being fired 
with an elevation (para^aph 8) the second parallel will be 
nearly under the trajectory or highest part of the rurve, 
described by the flight of the shot. But should the localities 
of the ground cause the second parallel to mask the fire from 
the batteries on the first, fresh batteries must Ik constructed in 
corresponding situations, and for corresponding purposes, on 
the second parallel; and the guns removed into thom: for 
example, in fig. 122, Ihe batteries with the accented numbers 
2, 3, 4, d, 6, 7, 8, on the second parallel, will supersede the like 
unaccented numbers on the firal parallel ; and, if necessary, the 
batteries a, b, for direct fire must aLso he removed to the second 
parallel, from which the practice will be much more powerful 
and correct. 

Under all circumslauces, Ihe fire from the batteries must be 
unremitting and amply suflicieDt to keep under the fire of the 
defences; for all the trenches beyond the second parallel are 
formed by the sap, which cannot be conducted against Ihe fire 
of artillery. 

At the siege of the citadel of Antwerp in the winter of 1832, 
it became necessary to move the batteries from the first to the 
second parallel, on which the French general of Artillery Neigre 
observes, in his report, that "The disarming of the batteries in 
the first, and arming of those in the second parallel, was 
gradually performed, so as nol to render sensible the diminution 
of fire during this operation ; and that since the opeuiug of the 
trenches on the night of the 19lh of November, (to the lllh 
of December) nineteen batteries with platforms for 138 pieces, 
liad been constructed." United Servicn Journal, JVo, 52. 

280. As the approaches draw nearer the attacked place, 
it becomes more and more difficult to defilade the branches of 
the zigzags, especially if the fronts of ilie enemy's works be 
extensive, {or on a high polygon], without making the alternate 
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ingles mconveniendy acute. It then becomes neoenuy to 
adrance in a straight line by ihe double tap^ whidiy as its name 
implieSy is two single saps, as seen in plan and section id figa. 
110 and 120. Two squads or brigades of siqipers are empkijed 
at a time, each covered in front by a sap roller or mandeC*^, 
having a smaller one in rear of the centre of the two great ones ; 
and they work in the manner represented in the figures. The 
great sap gabions are each six feet long, and as they aie a few 
inches apart in the centre, the work will be well covered if tbs 
sappers have their respective rows of gabions twelve feet asunder. 

If the sap be pushed on in a direct line for any lengtfi it 
becomes subject to be enfiladed, unless intersected by traverses^ 
which must become numerous and substantial in proportioii as 
the enemy's works are commanding and vigorous in their fire. 
Fig. 121 shows a simple and well covered method, whidi the 
compiler saw executed by the field engineer department under 
Colonel Pasley, at Chatham, some years ago, and of whidi he 
then took the dimensions. There are several other mediods of 
executing the double sap with traverses, but that in fig. 121 h 
one of the most approved modesf. 

Much more detailed information on sapping can be found in 
a pamphlet, published by order of the minister of vrar in France, 
in 1828, written by Captain Villeneuve, of the French Engineers, 
entitled, *^ Manuel pratique du Sapeur,^* 

281. The zigzag approaches, either by the flying or single 
sap, are pushed on from the second parallel, till they reach 
within one hundred and fifty yards of the crest of the glads of 
the place : here it becomes necessary to establish demuparaUelSf 

* A mantlet is a musket shot proof sheet of iron fixed to a frame, 
moveable upon small wheels or trucks, and pushed on before the leading 
sapper, instead of the sap roller. 

t The two models of saps, in the model room of the seminary, show 
a different construction from fig. 121 ; the circular double sap with lock 
traverses is one, and is considered the most expeditions mode of per- 
forming the work. 
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or portions of parallels, to contain strong guards to protect the 
further prog^ress of the work, and to answer the enemj*s mus- 
ketry, which is done through loop-holes formed by sand bags, 
or gabions, (paragraph 258). These demi-parallels are formed 
in a curve, extending so as to embrace the prolongations of the 
c»Tered-way before the attacked works, see fig. 123, (e e, is the 
second parallel) : the zigzags of approach are seen on the capitals 
abc: the curves dd are the demi-parallels, at each extremity of 
which there is a battery of three eight-inch howitzers on the 
prolongations of the six branches of the cuvered-way; in order 
to enfilade and ricochet them, and to keep down their fire as 
much as possible, by tearing up their traverses and clearing their 
banquettes, these howitzer-batteries are sunk ; that is, they are 
formed in the demi-parallels, that they may not mask the fire of 
the batteries in their rear. 

282. From the demi-parallels the sap is continued on the 
three capitals as &r as it can be carried in a zigzag direction ; 
but when the zigzags become too multiplied, or nearly parallel 
to each other, in consequence of keeping them clear of enfilade, 
the double sap with lock traverses must be resorted to as seen at 
fyfy fig. 123; when the saps on the three capitals have reached 
the foot of the glacis, they break into simple saps and deploy to 
the right and left to connect their work together, to form the 
third parallel^ as seen at p, n, n, p, fig. 123. In all this work 
the guard of the trenches must foUow close upon the sappers, and 
that in the demi-parallels and second parallel must be prepared 
to meet sorties that may now reasonably be expected to destroy 
or retard the work so near to their covered-way. As soon aa 
the third parallel is sufficiently advanced, a battery of four 
mortars is placed opposite to each of the re-entering places of 
arms (at nnnY», fig. 123), in order to shower into them grape 
of hand grenades, &c. alluded to in paragraph 303 ; ao that, 
vnth the fire of the howitzers in die demi-parallels, and the 
batteries on the first parallel, the defenders may be quite over<« 
powered. 
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The third parallel should have a greater capacity than ^ 
others, for it has not only less deTelopement, but the qnaadi^ 
of materials to be cdlected in it, for further proceedings, ia Toy 
great. A strong vigilant guard must fill the third paralki^ and 
keep under the musketry fire of the place, 

283. It now becomes necessary to seek for the defenahre 
nines, for it will be needless and destructi?e to attenpt to posh 
•n the sap, until the ground below has been secured ; for the 
mining operaticms at a siege the pupil is referred to the subject as 
treated from paragraph 205 to 236, especially from paragraph 
220 to 232. 

The foot of the glacis being about eight fe^ beneath its crest, 
nineteen feet beneath the crest of the ravelin, and twenty-two feet 
below the crest of the enceinte, the third parallel will not mask 
the fire of the artillery- behind it. 

284. The next operation is the crowning of the covered- 
vay, for the purpose of establishing breaching and counter- 
batteries. It is for the general commanding to decide upon 
whether this is to be done ** de viveforcej^ or by the more dow 
and safe mode of sapping. The motives that usually lead to the 
former are of a political nature, that render it essential to abridge 
the duration of the si^e. If these motives should be pressing— 
if the feeble fire of the besieged announces his weakness and 
discouragement — if it be seen that bis redoubts and retrenchments 
in his places of arms are silenced and dismantled,— >the attack by 
gtormy or " de vive force," may be adopted, and the lodgment or 
crowning of the covered-way made by the flying sap. But, if 
the besieged has redoubts and retreucbments in good order, 
in his places of arms — if there be good reason to suppose that 
the enemy can run up his remaining guns from behind protected 
traverses upon his barbettes, and shower canister and musketry 
upon the covered^way and glacis — and if, above all, it should be 
of little importance to hasten the fall of the place by one or two 
days, such an attempt should not be hazarded ; which, if it does 
not succeed, will only retard the progress of the si^e at a heavy 
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loss of valuable lives ; and if it does succeed, it will be too dearly 
purchased by the sacrifice of many gallant soldiers. 

285. To attaxik Ike covertd-way and to establish the lodgment 
<< de vivefcrce.^^ After the third parallel has been completed, 
a great quantity of materials, such as gabions, fascines, sand- 
bags, entrenching tools, &c., are to be arranged on the top of 
the reverse slope of the paralleL Good and numerous steps are 
made in the various parts of the parallel, by layers of fascines and 
hurdles well picketted down, so that the troops can move out by 
them in regularity : the parallel to be lined with riflemen, who, 
with all the batteries, keep up a heavy fire till the moment the 
troops issue from the paralleL The dose of the day, while still 
dusk, is recommended as the most suitable time for the operation, 
as there is then sufficient light to prevent confusion, and the 
work has the benefit of the approaching obscurity. The storming 
party march directly upon the salient places of arms, and enter 
the CQvered-way by the openings previously made in the palisades 
by the enfilading batteries : some of the party, however, are 
armed with hatchets to force the barriers and palisades, shoul4 
they not have been destroyed. The active fire of the batteries 
will hs^ve nearly cleared the covered-w^y of the defenders, and 
the storming pairty drive the remainder from their traverses, and 
keep possession of the covered-way, while the working party, 
that has clqsely followed, trace the lodgment by ranging theiir 
gabions parallel to the crest at eighteen fee^ filling them quiclily 
with the soil of the glacis excavated in their rear, and cove^ i^ 
obtained as rapidly as possible by the aid of sand bags, fJEiscines, 
bales of cotton, hay, &cc. : thus, in a hexagqn, as in fig. i23| 
the crest of the glacis at the salient places of arms, before the two 
bastions and one ravelin, is crowned by the fiying sap, to as great 
an extent as time and circuinstances will allow, as m, in, m^ fig. 
133. Traverses p must be made to prevent the work bein^ 
enfiladed ; and part of &e workmen must be told off to fqivfi ^, 
4puble flying sap, o o, with lock traverses te connect the bdgmeni 

82 
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with the third (MrnUel. The storming ptrty retire mto tliis lodff- 
ment as soon as it can give them cover. 

286. If the attack has been successfully carried od, and 
the weather has been such as not to fill the trenches widi water 
and to delay the work, it is customary to calculate upon completing 
the third parallel about the twelfth night after opening- the 
trenches; and if the safe process of sapping regularly iq> to the 
crest of the glacis be followed, it may begin about the twelfth <» 
the diirteenth night, by striking out single saps, a a, fig. 124, 
about thirty yards on each side of the capitals of two bastions 
and ravelin of attack, and carT3ring them forward in the curved 
direction therein shown, so as to meet about twenty yards iq» die 
slope of the glacis : these circular portumi are defiladed firam the 
fire of the place by their curved shape ; and from them double 
and direct saps, with proper traverses, are carried forward, till 
they arrive within thirty yards of the angles of the places of 
arms : here the double brigade of sappers separate, one turning 
to the right and the other to the left, and describe a single sap 
round the salients of the covered-way, till each has reached the 
prolongation of one of its branches ; the saps are then made 
perpendicular to these prolongations, and equal in length to the 
width of the covered-way, (viz. thirty feet) : they are terminated 
by a return defiladed from the works of the place, which serves 
as an epaulement ; these spaces, c, c, fig. 125, are formed into 
trench cavaliers^ cd^ fig. 120, in order to obtain a command 
over the interior of the covered-way, to clear it of the enemy by 
a fire of musketry. Thirty yards from the crest of the glads 
has been fixed upon for these cavaliers, as being a distance 
rather greater than men can throw hand-grenades. 

The dip of the glacis at thirty yards from its crest may, in 
general, be reckoned about four feet; therefore, to obtain a 
command over its crest, the parapet of the trench cavalier must 
be raised at least five or six feet above the surface at these spots : 
the returns /y/, fig. 125) of the sap, must, in like manner, be 
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elerated, to pTevent the men being seen and taken in flank, by 
an enfilading fire ; and, likewise, to furnish fire against the 
portions of the covered-way, and the faces of the adjoining 
works. 

The cavalier of trench is finished as seen in fig. 126 : the 
original sap consists of the dotted portion 1, 2, 3, 4, the gabion 
g", and the parapet jt> ; but to render it stable and useful requires 
an arrangement of gabions and fascines, as seen in this figure, 
crowned with loop-holes formed by sand bags : the steps, «, «, are 
eighteen inches high, and eighteen inches broad, with a good 
tread or terre-pleine r in their rear of four or five feet ; so that 
there wUl be no necessity to descend into the trench to reload: 
in the execution of this work the original sap is filled in. 

287. The situation and elevation of the trench cavaliers 
greatly mask the fire on the howitzer batteries on the demi- 
parallels, as well as those for enfilade on the first parallel ; and 
if possible their construction should be dispensed with ; indeed 
from the increased power of the modem howitzers and the 
substitution of shells, spherical case, canister, and grape, for 
musketry, it is presumed, that the defenders and their traverses 
will be sufficiently swept away from the covered way by the fire 
of the artillery, without the necessity of resorting to the 
laborious and awkward construction of trench cavaliers : in place 
of which small mortars may be established in the same positions. 
At the late siege of the citadel of Antwerp, no cavaliers of 
trenches were constructed: but howitzer and vertical fire, 
especially from a great number of Coehom mortars, was much 
multiplied from the foot of the glacis. But whatever may be 
the arrangement, the fire of the covered-way must be quite 
subdued, and the defenders driven from it, ere the saps are 
pushed beyond the trench cavaliers.* 



* Id the American eanpmign of 17SI, Oeneral Oreeoe attacked the 
fortified pott of ninety-tiz, defended by Colonel Croger and il?e 
hundred BritUh soldiers. After puihlng on his works with vigour, and 



288. While the drcokr perdoiM end the tfeaoli emwMBtt 
hete been constmcting on the three capitals as specified^ donble 
and direct saps with lock traverses iik, %. 124 will htLwm 
poshed from the third parallel upon the capitals of the 
places of arms of the front attacked ; on arriving within twenfj 
feet of the crest of the glacis, the brigades separate and bceoaw 
single saps, proceed to connect themsdves with tboae od the 
salient places of arms, who have, in the mean time^ atmek oat 
donble saps h Ih ^S' ^^t ^^ direction of which fell jost within 
the prolongations of the branches of the covered-way i meeting 
at / within twenty feet of the crest of the glacis, single saps an 
driven parallel to the crest, to join those coming from the 
re-entering places of arms ; thus the whole of the creat of the 
glacis on the front of attack from I to e, fig. 124, ia crowned^ and 
emplacements are immediately prepared in it for the eomnkw 
amd breaching batteries, 

280. The counterbatteries 6, e, /, c2, fig. 124, have each 
a wpace of (20 toises when the ditches are dry, that is) 120 fiwt; 
apon which six pieces of artillery can be placed, to oounterfaattar 
such of the remaining defences as may be still actire upon the 
flanks, denoted by the accented letters b cfd respectively ; these 
flanks, however, will have previously suffered greatly firom the 
enfilade fire of the howitzer batteries on the demi -parallels and 
of the mortars from the third parallel, (see fig. 123 where the 
lines of fire from the howitzers d(/, and the mortars nn, are 
shovm), so that six pieces will rarely be required for coanter- 
battering them: but it is absolutely necessary completely to 
overcome the flanking defences of the place that the ditches auy 
be crossed in security; and should the oounterhatteriea have 
any difficulty in subduing the fire of the flanka, enfilading 
batteries, t i, fig. 124, may be added to assist, and to aeeint a 



arriving within lix yards of the ditch, he is said to have erected ft 
cavalier of trench of the Incredible height of ikirUfftet^ firon whleh his 
i^eraen poured their shot with fatal aim upon the defenders. 



268 

preponderating fire for the assailants. These batteries, ti^ by 

firing through the open space between the tenaille and the flank 

of the bastion may greatly alarm the defenders for the safety of 

their retrenchment as an assault of the breach 3^ would turn the 

retrenchment v. The traverses at the re-entering places of arms 

must be either cut or blown away, that the guns at t may haye a 

free range. A plan and section of a counterfoattery is shown 

in figs. 125 and 126; the original sap is enlarged to give a 

space m amply sufficient for the platforms and the service of the 

artillery ; that is, to a breadth of 20 or 24 feet : the flanks of the 

battery are protected by good traverses ; but in those parts of 

the crowning of the covered-way, where it is not necessary to 

place batteries of artillery, the trench in rear of the parapet 

need not have a greater breadth than from 8 to 12 feet ; and 

traverses must be constructed wherever it may be necessary, in 

order to cover its interior from flanking fire, or to afford shelter 

from bursting shells. At the salient place of arms before the 

ravelin on the front of attack, the counterbatteries i and o 

(fig. 124) are constructed to silence the defences i and 

(accented) that flank the ditch of the ravelin : thus the besiegers 

obtain a fhll command of the ditches on the fronts attacked, and 

by keeping the fire of the defensive works under, the operation 

of crossing the ditches and taking possession of the breaches 

becomes a comparatively safe proceeding. The batteries i and 

having obtained the superiority over the defences t, (accented) 

fig. 124, the ditch of the ravelin is entirely under the command 

of the besiegers, who may descend into it when it is dry, and 

Mp along its bottom mxz towards the breaches t,o (accented) a 

threatened attack at the shoulder angle as at (accented) makeA 

the defenders very jealous of their retrenchment u being turned. 

290. Besides the counterbatteries, batteries to breach are 

constructed on the crowning of the glacis opposite to such 

portions of the faces of the works as are selected for that 

purpose : for example in fig. 124, the battery s is armed with 

four or five hundred 24-4MrttDdeTS in order to breach the rev^ta-. 
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iMbt i (accented) to make it fit either to iwarft, or to etny ib0 
Mp ap its slope; the battery r, in like maimer, is to b rowh 
the reT^tement r (accented) of the ravelin. After bwcl mif/ 
ahoold the aoil of the rampart stand stifflj, large sheila filled wHh 
peiwder, having long fuzes, thrown in will act as fongassea and 
bring it down ; the breaching batteries most be in action hj 
night as well as day, to keep the enemy hoot stockading tho 
breach, or rendering it impracticable* 

S91. The combined fire of these batteries on the exeat of the 
glacis most uncover the interior of the enemy's wwks asmncb 
aa possible, by destroying the parapets ; and, assisted by riflemeif 
frc«n loop-holed cover of sand-bags, &c, the enemy most be 
qoite kept dpwn. The defenders most have no rest; the 
nnceasing, irresistible, and concentrated fire of one hnndred 
pieces of artillery firom the first parallel, followed sobaeqnendy 
by the fire from the powerful howitzers on the demi-parallds^ 
from the mortars on the third parallel, and, lastly, firom the 
counter and breaching batteries upon the crest of tiie glads, 
(which are still aided by batteries No. 1 and 9 on the fiist 
parallel (fig. 122) and by the fire of the howitzer and mortals 
on the demi-parallel and third parallel : but the fire firom the 
batteries 2, 3, 4, 5, 6, 7, and 8, ^g. 122, will be greatly, if 
not entirely, masked by the crowning of thecovered^way).* This 
combined fire is of a nature so overpowering, tearing op and 
destroying every thing opposed to it, that the operation of 
seizing the other works will be far less destructive than is, at 
first sight, imagined. 

292. It is calculated that by the fifteenth night the counter 
and breaching batteries can be finished and armed ; and the 
descents into the ditches commenced opposite to the breaches. 

* ** In consequence of the establishment of the breaching and coanter- 
batteries, and the boyaas of conimanication crowning the two glaees, it 
was necessary to stop the fire of several of the besieging batteries io 
tbeirrear, and to confine the discharge to that of mortars and howitsers.** 
JUtaHon qf the Siege qfAntw€rp,mlS32, vide United Service Jtmmalf No, M 
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293. Dacent of the ditch, (aee figs. 127, 138, 130). Thia 
is by a subterranean gallery, whenever the counterscarp is 
sufficiently elevated to preserve a covering of three feet between 
the lop of the gallery and the terre-pleine of the covered-way; 
miners deem this thickness necessary, in ground of ordinary 
tenacity, that the work may not be of too difficult, or too slow, 
an execution : besides which, it is necessary to protect the top 
of the gallery against vertical projectiles. 

The height of the gallery of descent is from 6 to 6^ feet : 
the breadth varies according to the ditticulty of working in the 
ground: in common soil, it is six feet in the clear: in looser 
soil it is prudent to limit it to four feet three inches. The 
gallery usually opens at three feel from the bottom of a dry ditch, 
and at 16 or IG inches above the highest level of the water in 
a wet ditch. It ought to be driven as much as possible in a 
straight line, since changes nf direction are of alow and 
difhcult coustruclion, and render the communication less com- 
modious. Its general slope ought not to exceed a quarter, that 
is, the base of the whole gallery should be at least equal to four 
times the height ; but it is not indispensable that this slope 
be uniform in the whole extent of the descent. The commence- 
ment of the gallery of descent is usually from some of the 
trenches upon the glacis : but a gallery 6^ feet high, with a 
thickness of three feet of soil over it, would require the trench 
to be deepened, at the point of commencement, to about 11 feet 
below the surface of the ground, in order to have the sole of the 
gallery at a proper depth ; this mode is sometimes followed, but 
it is said to occupy too much time and labour, and an entrance 
of this kind requires great sloping sides to give it an easy access ; 
thus forming a kind of trap for the shells of the defenders, (see 
figs. 138 and 139). It is therefore more generally recommended 
to begin the descent by a blinded gallery as a in fig. 127, the 
bottom of which would be only a few inches below the level of 
the trench of the regular sap whence it is struck out; and not 



to begin the tdbtemneaii gallery ontii tlw 
depth of eleTcn feet, as in c r, fig. 127. 

When the ditch has little depth, adrantige is tnken of iEbt 
tTiTerses of the covered-waj, to obtain oorer by wwnmwy tlw 
gallery underneath the mass of one of them aa ia figs. 198 and 
129 ; here the Minded part opens into the defile of tlie tiai e is i 
at three feet below the terre-pleino, in order to enter the fatteiy 
into tho profile of the traverse : the defile or crotchet vf the 
traTerse should be masked by gabions a<i^ figs. 128 and 180. 

It may be remarked that this work gives the means of 
descending into the covered-way ; as from the defile of the 
traverse, saps can open into the terre-pleine, to eetablisli lod|g- 
ments upon it when necessary. 

A subterranean descent of 6^ feet in height and of an aqnl 
breadth advances at the rate of three feet in ^ hoarsy in fidr 
soil. Six or eight miners are employed upon it who are ralieved 
every four or six hours* 

2d4. The blinded desoent consists of a deep sap, which if 
covered in proportion as it advances by fascines supported fay 
Uinds ; (these blinds or frames are of the size and shape shown 
in fig. 180) ; the work has a height and also a breadth of 6j^ feet; 
which involves the necessity of carrying the depth of the sap to 
7^ feet in order to give stability to the lateral blinds. 

The point of the departure is usually in the crowrang of the 
covered- way at about five feet below the surface of the glads* 
a depth convenient for loading the blinds with a certain mass of 
fescines and of earth, without overtopping the parapets of the 
adjoining trenches. The point of issue being also fixed, (in t 
subterranean descent at three feet from the bottom of a diy 
ditch ; or at fifteen or sixteen inches above the highest level of 
the water in a wet ditch). The direction of the descent between 
these two points should be in a straight line, its inclination not 
exceeding one quarter of its height. In the case where thii 
maximum of inclination would be insufficient to bring the 
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descent to the fiKlirifod point of exit, it would be necesAty to 
sink below five fbet at the point of departure. 

The mode of beginning the work is seen in figs. 131 and 182; 
where the opening fVom the crowning of the covered way is 
represented by a double sap, pushed through the parapet of the 
trench, the breadth of which at bottom is seven feet ; and thd . 
depth increased to five feet, (that is, two feet below the original 
trench) ; for about a space srop^ fig. 131, op, fig. 132: the sole 
of it is then sloped and deepened as p D fig. 132, to gain a depth 
of seven feet and a half: a vertical blind is then placed on each 
side of the sap, connected together at top by a strong piece of 
timber; above, is placed a horizontal blind, sustained in front 
by a temporary frame (as s fig. 135) : two or three vertical blinds 
are thus placed on each side ; the whole is covered by blind 
fascines (of ditnensions made to suit the excavation), and, to 
prevent their being fired, firesh bullock hides are bound over 
them. 

Figs 138 and 134 show a plan and section of a delicate part 
of the operation ; that of pushing on this descent into the 
Covered way; and fig. 134 indicates the mode in which the 
crest of the glacis is cut away by degrees that the sap-roller, 
trr^ may be brought gradually down to cover the head of the 
sap: fig. 135 shows the continuation of the blinded descent 
towards the counterscarp of a wet ditch, lined by fascines at 
the side as well as covered by them at top : fig. 136 is ah 
^letration on NO of fig. 135 : and fig. 137 a section on P Q of 
fig» 136 : these figures are sufficiently explanatory of the proce^ 
to dispense with farther explanation* 

295. This descent, then, into the ditch is made in two 
ways ; either by a blinded gallery to reach the bottom of a shallow 
ditch, or the surface of th6 water of a wet ditch : or, by k 
descending subterranean gallery driven under the mass of ^ 
eovered-way and isuing out at three feet of the bottom of a dr)r 
ditch : nevertheless when the fire of the defensive works ha^ 
been fully subdued and is quite kept under, the parapets^ 



M8 

dettrojedy and the meaiii of dittorbing the deeeent at an cod# 
it maj be made by an open deacending^ double aafs which, baiiiy 
difficult to defilade, ahoald be made nanower and deeper thaa 
an ordinary aap ; adrantage being taken of a t ra feiae to a e tuw 
the sap as much as possible, as seen in fig. 125: op being the 
M^p or ramp protected by the traverse S; the coontencarp at ji 
being blown in by a mine. 

Blinded descents are yery laborioos in their oooatnictioiit 
and if the soil be chalky or &yourable for driving anbtenaiieaB 
galleries, a preferaice woald probably be given to them ; and 
they would be constructed in the manner represented in figs, 188 
and 130; by deepening the original trench on the crowning of 
the covered-way (as A) about eight or nine feet, ao aa to b^gin 
the gallery B at once : the steps leading to the entrance ji should 
be formed with good planking; otherwise they would soon be 
worn away into a steep slippery ramp by constant use. 

It is usual to make recesses (cc, ^g 188) on each dde of tiie 
extremity of the gallery behind the rev^tement, in which to 
collect materiab for crossing the ditch : these chambers are most 
useful for the engineers and sappers in the difficult operation of 
crossing a wet ditch. 

In the relation of the siege of Antwerp, in 1882, in the 
United Service Journal^ No. 52, are the following notices 
on the descents into the ditch : ^* The covered way of 
Toledo was crowned before dusk as far as the point intended for 
the establishment of the counterbattery, No. 15, and the descent 
into the ditch prepared for placing the fir&t chassis. The shaft 
was about seven feet in height, by six broad : the solidity and 
beauty of this work was highly creditable to the French minos* 
A small advanced gallery was run nearly parallel to the rev^te- 
ment of the counterscarp and the ground secured in case of 
countermining. Nothing having been discovered, the work 
proceeded with security. A second descent, commencing d 
del ouvert, was opened a little to the right of the principal shaft. 
It was intended to run this down to the counterscarp by a blinded 
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coTering, and connect it with the great descent by a short 
gallery parallel to the ditch. The grand descent was commenced 
at thirty-five yards from the outward rev^tement of the counter- 
scarp, and had an inclination of one-twelflh. Its breadth was 
six feet and its height seven. To prevent accidents the roof was 
double framed. The mouth of the smaller descent was pierced 
at twelve yards from the outward rev^tement, and had about 
three by six feet aperture ; the inclination of the latter was 
one-sixth. The attention of the besieging engineers was now 
almost entirely directed to the completion of the descents and 
preparations for the passage. The sections of barrels and pris- 
matic hollow troughs, twelve of each, with the necessary tackle^ 
weights, and tools, intended to form the arches, were brought 
up to the neighbourhood of the second parallel, and an abundant 
supply of fascines, sand-bags, saucissons, and gabions. — ^22d« 
December. The left gallery was completely framed down to the 
rev^tement of the counterscarp, and was pierced so as to afford 
an arched opening of about four feet wide and three in height. 
The left descent was also blinded down to the rev^tement, and 
the miners commenced opening the latter. The lateral gallery 
of communication was also blinded, and the whole was in a state 
to admit the immediate commencement of the passage, for which 
the materials above mentioned were in readiness to be employed 
on the subsequent night ; when the citadel surrendered." 

296. Passage of the ditch* When the ditch b dry this 
passage consists of an ordinary sap, pushed from the opening of 
the gallery of descent to the slope of the breach, as in figs. 138 
and 139, where s represents the process of the sap, which is 
carried in the direction rr, to crown the summit of the breach 
at P. In crossing a ditch protected by the fire of the counter 
and breaching batteries, the interruption to the work from the 
defences cannot be very vigorous, and a single sap will suffice, 
having its parapet on the exposed side. 

297. If the ditch be full of water, and the locality favours 
the draining of it, every means must be used to break the bater- 
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deaoz to ciim the wmter to flow awmy, if not aHogether, at leait 
Ib part ; and should none of the batteries on the crownfaig of 
the glacis, or those formed in the coTered-way, be able Id aae 
the batardeaoz, these sluices must be sought for and deatrojed 
by large shells, or, if possible, galleries (or mining tbem most be 
driven from the nearest part of the establishment on the eovered- 
way. 

Should the water in the ditches be subject to the ebbing and 
flowing of the tide, the destruction of the baterdeanz will at 
kast secure to the assailants the advantage of having the ditchea 
dry, or nearly so, for the periods of low tide, and thus &dlitale 
the means of crossing it, either by permitting the storming party 
to assault the breach at low water ; or, if the slower and sorer 
mode of making a causeway across be followed, the foondatioa 
of it can be more securely laid. 

If the assailant has not the means of arresting the current of 
the water, or of draining or turning it, it becomes neceasaiy to 
construct either a Ividge or a causeway, with a solidity amply 
sufficient to prevent it from being carried away. This operatioa 
is one of the most difficult in the siege : it is even impoasihle 
to execute it unless the defences of the enemy should be totally 
ruined by a correct and well sustained fire from all the batteries. 

1 he dike or bridge, with its epaulement, is constructed with 
fascines, hurdles, joists, gabions, and sand-bags. When tbt 
water is stagnant, this work is conducted to the foot of the breach, 
but when it is running, or can be made so, an issue is left for it 
at the foot of the breach, of from eighteen to twenty-five feet, 
across which a float of rafts is thrown to complete the passage. 

To begin this work, see figs. 140 and 141, the gallery of 
descent is lined with men at about two paces from each other, 
in order to hand along fascines and materials to the sappers at 
the head of the gallery : these are arranged in beds, picketted 
together and thrown into a ditch ; first a longitudinal bed, then 
a transverse bed ; they are arranged by the sappers by long 
forks from the mouth of the gallery of descent, and when suf* 
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ficient to bear an epaulement on the side from which the enemy's 
file comes, layers of fascines and sand bags are thrown on that 
side, behind which the sappers descend upon the platform in 
^er to arrange the beds and picket them firmly together, to 
•nlarge the surface of the bridge, and to complete the work: these 
beds of &acines will not sink below eighteen or twenty-four 
inches, and as it is necessary that they should have a certain 
depth and stability, they must be weighed down by hurdles and 
sand-bags to a depth of three or four feet : it is recommended to 
place strong joists or beams, from four to six inches thick, 
between every three or four beds of fascines, in the direction of 
the length of the bridge. Wooden pins, three feet long, and 
pointed at both ends, are fixed through these joists at every four 
feet, and being driven into the beds of fascines above and 
below the joists, bind the work well together. In proportion as 
the work advances towards the breach, the sappers secure it 
by means of anchors upon the side from which the stream 
flows. These anchors are attached to the upper row of 
joists by cables. £ach cable is in two folds, as seen in 
fig. 141 ; one end fastened to the joist ; and after passing 
through the ring of the anchor, the other end is free upon the 
top of the bridge, so as to veer out or contract at pleasure, as the 
level of the water rises or falls ; as the bridge advances, a good 
epaulement of gabions filled with sand bags, fascines, &c., is 
formed : the bridge should be from thirty or thirty-six feet broad 
at top, as the epaulement will occupy fifteen or eighteen feet. Fig. 
140 shows a longitudinal section and fig. 141 a transverse 
action of this work: and as the defenders will doubtless 
endeavour to bum this bridge, every precaution is taken to pre- 
Tent it by covering the epaulem^it with horse dung and fresh 
killed bullock hides. 

In Vauban's TraiU de VAtlaque des Places** there are the 
following remarks on this subject. *^ Let us suppose the ditch of 
a place, through which passes a considerable current, supplied 
by a river^or by a reservoir, that furnishes the water by means of 
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daicet giTing currents at will ; it is certain that the cnneDt wiD 
continue, strong or weak, and be repeated from time to time 
bj means of the sluices ; here the assailant has no other means 
than that of making a laige dike or causewaj across the ditch, 
of a size sufficient to arrest the waters at the same height that 
the sluices can retain them ; so that the highest level of the 
water cannot come within two feet of the top of the caosewajr* 
To this end, it becomes necessary to collect a great mam of 
fittcines with stones, rubbish, and earth, in order to sink them 
fully to the bottom ; to make the causeway broad and yery strong 
by beating down the earth, and piling the work to the bottom of 
the ditch ; this causeway is pushed to within eighteen or twenty- 
four feet of the foot of the scarp rev^teroent, and a lighter 
floating bridge made to complete the passage : or wh«i assured 
that the head of the dike is so high that the swelling of the water 
cannot surmount it, a li?ely fire from the breaching batteries 
upon the rev^tement opposite, will beat it down into the ditch 
and complete the passage. 

" When a ditch is deep and narrow, an excellent means of 
forming a passage is to attach two miners, one to the scarp and 
the other to the counterscarp opposite to each other; if the 
mines be large and well charged, it is probable that their eflfect 
will fill the ditch at once, especially if the arrested water cannot 
rise more than five or six feet above the current ; it was thus 
that we proposed passing the ditch of the gate of Anzin at 
Valenciennes, if the resistance of the place had obliged us to go 
so far." 

298. Should the attacked work be without retrenchments 
and have unflanked ditches, the bridge need only be slight, as it 
will merely have to bear the assaulting party: but if any 
flanking fire can be brought upon the ditches, and if there should 
be a retrenchment that demands an establishment for batteries 
to be formed on the summit of the breach, in order to reduce it, 
the bridge must be solidly fonned to bear the transport of 
artillery, and the construction of a good epaulement. 
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One mode of passing a wet ditch, is to construct a raft 
with an epaulement upon it, along the counterscaq> ; and when 
complete, to ^jl one end at the bottom of the descent and to 
allow it to swing round with the current, or in stagnant water, 
by means of poles or oars, so that the other extremity may reach 
the rubbish of the breach. 

On the completion of the passage of the ditch, the breach- 
ing batteries render the breach as gentle and practicable as 
possible either by round shot or shells, as required ; a few brare 
and intelligent sappers glide up the breach and reconnoitre the 
interior of the work, under vollies of uncharged shells and 
blank cartridge. 

If there should not be any retrenchments behind the breaches, 
or, if they should appear weak and imperfect, every necessaiy 
disposition is made for the assault of all works at the same time» 
that is, of the two half bastions on the front attacked, and of 
the ravelin between them ; the latter being assaulted by the 
breach, and, if the ditch be dry, by the gorge also : and if 
an enemy has no other resource than that of standing the 
assault, he should beat the chamade. This will be from the 
twentieth or twenty-fourth day from the opening of the 
trenches. 

But if the ravelin has a redoubt, and if the bastion be 
retrenched, it is necessary to carry on the attack by pushing a 
regular sap up the breach, and forming a lodgment within the 
work for the attack of the remaining defences in form.* 

299. Speaking of the breach in the ravelin. Marshal 
Vauban thus expresses himself: (see Jones's Sieges, vol. 2, 
page 272.) 

♦ At the siege of Cambray, Dumets stonned a ravelin contrary to tha 
ad? ice of Vaaban, and sustained a loss of forty officers and four hundred 
men ; two days afterwards, Vauban retook it by sap, and lost three 
men. 
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**PrBpantoT]r to making the lodgment a gnat cpuuititjr of 
materials mutt be providedy lach as gabionSyfiMcineB, and aand* 
bags, and also a number of entrencbing tools ; whidi ahonld ba 
cairied as hr forward as possible, witboot t«combnriii||^ tfca 
trendies, and piled on tbe reverse of tbem. Care mm/t ba 
taken that all the lodgments from which it is poasible to flro am 
the part to be attadced, are in a perfect state^ and that the 
batteries of cannon, mortars, and pierriers, are in rrsMtinnas ta 
open ; snd the officers commanding in tbe batteriea and lod^ 
ments, should have it fully explained to them on the apot, liow 
they are to act according to the signals made. 

** The signal may be from a flag elevated on tbe lodgment 
of the oovered-way, at such spot as shall be seen from all the 
batteries and lodgments. Every thing being readhf, the 
infantry will place their muskets through the sand-bags laid te 
their protection on the top of the parapets, and eveiy one will 
await in silence the signal to open his fire by the flag beiqg 
hoisted, and to cease firing on its being lowered. 

** Thus prepared, two or three sappers will ascend the bnaeh 
—not up tbe centre, but on its right and left, next the end of 
the broken wall, where cover is usually found between the 
part of the rev^tement which remains standing, and that which 
has been beaten down. The two or three sappers will lodge 
themselves in these hollows, throwing the rubbish down, but 
working upwards, and will procure cover for two or three 
other sappers, who will be sent to their assistance, the whole 
being prepared to leave their work on any advance of the enemy. 
Should that occur, as soon as the saj^rs are off the breach tbe 
signal is made, and all the batteries and lodgments instantly 
open a heavy fire on the enemy, who cannot remain under it, 
but will quickly disperse. As soon as that is perceived the flag 
must bo lowered, and the sappers again sent forward, who, 
resuming their work, will push it forward as much as possible ; 
again abandoning it, however, whenever the enemy make their 
appearance, which may occur a second, and even a third time. 
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Each time, however, that they do come forward, all the lodge- 
ments and batteries, even those of the oovered-way, mnat 
resume their fire, which cannot fail to drive back the enemy, 
and give opportunity to establish the lodgment. It will not 
probably be till the first or second tune of retoming that the 
garrison will spring their mines, (if there be any), and which 
may be considered an in&llible sign that they give up the worlu 
These mines are unlikely to be attended with any great effect, 
for they may be sprung at a moment when the workmen are not 
on the breach ; or they may have been formed under the ridge, 
where the sappers do not work, or at worst can only destroy 
three or four men. In the mean time the sappers will have 
prepared some cover in the excavation, which when completdy 
ready, and not till then, must be occupied by small detach- 
moits; but as soon as the garrison abandon the wori^ the 
lodgment must be made openly in the breach, and be well 
secured along the whole excavation, but not beyond it. After- 
wards the work will be extended to the right and left along the 
rampart by saps, forming a portion of a circle which will 
occupy all the terre-plein of its flanked angle : from thence it 
wiU be carried along the two faces of the work till every thing 
is duly prepared to force the reti-enchment at the gorge." 

300. The summit of the breach being gained, and a lodgment 
made upon it by the sap, the ulterior operations depend cm the 
nature of the retrenchments. Should the ravelin on the front 
of attack be provided with a redoubt, the breaches in the adjoin- 
ing bastions cannot be seized till the flanks of this redoubt that 
bear upon them are silenced : thus, in flg. 124, if the ravelin be 
furnished by a redoubt, (1), the flanks of which carry guns bearing 
upon the faces of the collateral bastions, the sap r (accented) b 
carried up to forfn Ihe lodgment 2, 2, within the flanked angle 
of the ravelin, as r r P, flg. 138 and 139, in order to silence the 
flanking defences of the ditch of the redoubt, and to breach its 
scarp. Its ditch is passed in the manner hitherto described ; 

t2 
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and, wheD eqitend, a batteiy is fanned in ill gwgia^ to nid Ot 
finther operationi agminil the enceinte. 

In like manner, if the bastion be ntrenehedp tte aap i^ 
(accented) fig. 124, ia carried ap the broach, and n lodgsMB^ S, 
fmned within the flanked angle, the fire of which, ippu rta d 
bj that of the batteriea of gone, howitiera, and mortus in tli 
lear, will sorely ov e rp o wer the remaining fe e b le delSnieea^ and 
enable the assailants to proceed to the assanlty should thn besMied 
risk this fetal proceeding. 

** A fortified place can only protect the garriaon and aiiesl 
tiie enemy ibr a certain time. When this time is elapsed, and 
the defences are destroyed, the garrison should lay down its 
aims. All cifilized nations are agreed on this point, and then 
never hss been an aignment, except with reference to thn gresAer 
or less degree of d^kice, which a governor is boond to miAe 
before he capitulates. At the same time there are generals, 
Tillars among the number, who are of opinion that a governor 
shonld never surrender, but that in the last extremity he aiiorid 
Mow up the fortifications, snd take advantage of the nighty to cat 
his way through the besieging army. Where he is onable ti» 
Uow up the fortification, he may always retire, say they, with 
his garrison, and save the men. 

^* Officers who have adopted this line of conduct havebmight 
off three-fourths of their garrison. 

** The keys of a fortress are well worth the retirement of the 
garrison, when it is resolved to yield only on tiiose conditions. 
On this principle it is always wiser to grant an hononiafale 
capitulation to a garrison, which has made a vigorous resistsnice, 
than to risk an assault.*'— >Mt7i<ary Maxim$ ofNapoUfm. 

Marshal ViUars has justly observed, << that no governor of a 
place should be permitted to excuse himself for surrendering, on 
the ground of wishing to preserve the king's troops. Every 
garrison that displays courage will escape being prisoners of 
war. For there is no general, who, however well assured of 
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canying^ a place by assault, will not prefer granting terms of 
capitulation rather than risk the loss of a thousand men in 
forcing determined troops to surrender." 

Vauban is reported to have said, that amongst the multitude 
of the gallant and devoted officers of his day, he knew but few 
fitted to be governors of a besieged place : and in the note to 
Napoleon's Maxims there is the following sentence : ^< All real 
strength is founded in the mind : and on this account I am of 
opinion that we should be directed in the choice of a governor, 
less by his genius than his personal character. His most essen- 
tial qualities should be courage, perseverance, and soldier-like 
devotedness. Above all, he should possess the talent, not only of 
infusing courage into the garrison, but of kindling a spirit of 
resistance in the whole population. Where this last is wanting, 
however art may multiply the defences of a place, the garrison 
will be compelled to capitulate, after having sustained the first, 
or at most, the second assault." 

301. Number of men required to carry on a siege with 
vigour, — From Sir John Jones's Sieges, vol. 2, note 28. 

** The number of men necessary to carry on a siege with 
vigour, is founded on principles, always remaining the same ; 
but varying in certain contingencies of which the commander of 
the army is alone capable of judging. He has first to decide 
how many reliefs the troops shall have, that is the proportion 
of rest to duty, and also the number of his troops which he 
deems equal to cope with the garrison; and then the detail 
follows as matter of course. The following seems the minimum 
of the calculation. 

" Guard of the trenches, three-fourths of the strength of the 
garrison. This duty may be taken for a short service with 
three reliefs. The workmen, however, cannot do with less than 
four relie& Their numbers depend upon the trace of the work 
to be attacked ; but, for the sake of calculation, let the operation 
against a common firont of 180 toises with a ravelin be assumed. 
Then the length of the first parallel, and one line of approach 
to it, which should always be opened on the night of breaking 
groond, measures 3,800 yards; which, at four feet apart. 



teqdra 3,8BO Ben to Kae thflMt and ttii BOiriMr will, 
•eqnently* be tbe etrength of the fink night's waAbtg-ftg^. 
The eeoond night the aamemnnber of woriuMn wiUlwnqnnd; 
and what with the aenrioe of the aitiileiy and the tnui a |iu i t of 
Mtteriab* hnt mall deduction can be made ftoni their atraa^ 
fiD the completion of the second paraDeL For the 
ef the siege moch fewer wiH sodke ; thenlbiep by 
and a little extra fetigne on the first days of the attadi, the weik- 
Ing parties may be aTeraged at one-third less than the party of 
tiie first night, or, in round nnmbeis, 2,000 men* 

** For regimental and camp dnties, picket8» eseoita^ with 
stores and fmrrisiona, &g^ the proportion of the araij l eq pii e d 
wiU Tsrj according to the hostili^ of the people in whosB 
eoontrj the siege is carried on, and it is one of theeontingeneiai 
to be v^gnlaled by the general commanding; hnt bdngfixod, 
their reliefii must be eqoaUy regalar with the others. For the 
sake of cakolation, it shall here be stated at one-tsnth of the 
whole army. 

^<0n these data, the amoimt of an army requir e d fivAs 

Tjgoroas siege of a pbce with a garrison of 5,000 BMnwonUbe^ 

Gnard of the trenches 3,750, at dues reliefe, 11,360 

Working-parties 2/KM), at fear reliefr, • • . • SjOOO 
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Duties of the srmy one-tenth, at four rdiefii, 7,700 



Total, independent of sick and casualties, 90,960 
** From this calculation, it is evident, cmteris paribus, thsl 
the more numerous the garrison, the smaller the besieging srmy 
nssd be in proportion to it ; for the attack of a similar Ctont or 
fronts of fortification is little difiisrent, if the place contain s 
garrison of 5 or s garrison of 10,000 men; the guards of the 
trenches and the other duties incresse proportionatdy, but the 
worii does not. 

<«The caleoktion for the attack of a garrison of 10,000 
wenldbe^ 
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Guard of the trenches T^SOO, at three reliefi • • 22,500 
Working parties 2,000 men, at four relief . . • 8,000 



30,500 
Duties of the army one tenth, at four reliefs. • . 12,200 



Total, independent of sick and casualties . . 42,700 
*^ The former being nearly in the proportion of 5 to 1 , and the 
latter of 4 to 1. Hence it is that the most celebrated commanders 
and best engineers are ag^reed as a general principle, that the 
besieging army should vary in its proportion to the strength of 
the garrison according to the numbers of the garrison ; and as 
an approximation have fixed that proportion at 5 to 1 when the 
garrison consists of 15,000 men, 6 to 1 when of 10,000 men, 7 
to 1 when of 5,000, 8 to 1 when of 3,000, and in still greater 
proportion when it consists of a less number. 

** If there be any cavalry in the place, the guard of the 
trenches requires to be supported by a number of cavalry equal 
to the total of that arm in the garrison, with a reserve of one^ 
half more posted at the mouth of the trenches; for as cavalry act 
invariably on the flanks of the trenches, the cavalry guard on 
each flank ought to be prepared to oppose all the cavalry in the 
garrison ; and, by such an arrangement, this will be the case, 
the body of one-half held in reserve being in a situation to 
support cither flank, and make it of equal strength with the 
whole number in the garrison. The sortie of the 19th March, 
1812, from Badajos, is a remarkable instance of how much a few 
cavalry may efllect if not opposed by cavalry ; forty or flf^y men, 
on that day, having carried confusion into the very dep6ts of the 
artillery and engineers, and made ofiic^rs prisoners at nearly 
2,000 yards from the place. 

** These calculations do not apply to peninsula-fortresses on 
a restricted front ; but in all open situations, an army formed on 
the above calculation would, at the end of a siege of a month's 
duration^ be greatly fatigued. 
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** It is not, bowflffer, intended to eonfay die impi fliin Aaf 
a nege sbonld ne?er be undertaken onlev with a foioe- thaa 
pioportionably greater than the garrison ; but merdy to point out 
where choice exists the best rule of proceeding. All general 
ndes must occasionally be deviated from ; genius will aometimes 
supply the place of numbers, and necessity oblige where cal- 
eolation condenms. 

** Thus, in consequence of the superior strength of the Fieiidi 
in the field, and the immediate vicinity of their prindpai anniei^ 
which required strong detachments to watch, and an efikient 
corps to parry their hostile movements, the Duke of WellingtoI^ 
in 1812, could only allot 12,000 men (increased to 16,000 on 
the day of the assault) for the siege of Badajos, garrisoned by 
5,000 men, and, nevertheless, breached and carried the place 
by assault in an unusually short period ; and again, at the si^e 
of St. Sebastiaq, in the following year, (a peninsola^ibrtressj 
11,000 men triumphed over 3,400." 

302. On the quantity of ordnance required ta carry on 
a tiege with vigour, — From Sir John Jone8*s Sieges, note 29.. 

*^ The number of pieces of ordnance required for the attack 
of a fortress has not so much reference to the number of pieces 
mounted on its ramparts, as to the construction of the works 
themselves which they are intended to defend ; for the besi^eri 
never willingly oppose artillery by a direct fire, bat generally 
contrive, by a skilful disposition of their trenches and batteries, 
to render one piece of ordnance in the attack superior to several 
in the place. 

** Thus, for instance, three guns firing 4 ricochet firom any 
convenient point (not being a gpreater range than 600 yards) on 
the prolongation of a face or other line without traverses, will 
dismount any number of guns, say ten or twelve, which may be 
mounted upon it ; or if the line be traversed, they only require 
the aid of shells from two or three mortars to ensure the same 
effect, and such a position for the besiegers' batteries may be 
found on the prolongation of most of the lines of ordinary works* 
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" There will, however, be in all irregular, 

1 furtTcsses, many faces againsl which an cnfllade fire 
caunot be maHo availabli?, such as portion of works funned 
wiih a coDsiderablc curve, or where, bj a akilfol disposiiion 
of the defensive lines, their prolongaltona are made to fall on 
situations wfaero batteries cannot be erected, as a hollow, an 
inundation, a river, the sea, or that they are made to intersect 
other portions of the work, which cover and conceal their 
ramparts ; or where the works stand on very great elevations, 
or are naturally shouldered in by higher ground on iheir 
immediate flanks. In these coses the ordnance of the place must 
be silenced by direct 6re from the besiegers' trenches, and such 
fire, to bv effectual, ought at least to be equal in weight and 
quantity to that it is intended to silence, 

" A battery, thus firing from the trenches, has this advantage 
over the batteries of the place, that its undivided attention can 
be given to one object; whereas, the defensive ordnance must 
occasionally be diverted to etTorts to arrest the progress of the 
works of the attack. Therefore, gun for gun,, and mortar for 
mortar, the besiegers would generally succeed in overpowering 
the lire of a place; but where ordnance can be procured, double 
the amount of that to be silenced by direct fire should be brought 
into the trenches, which would effect the object in far less than 
half the time. 

"In future sieges, the recently invented 10 and 8-ineh 
howitzers of Monsieur Paizhamand General Millar will, without 
doubt, be the principal weapons for enfilade lire, and will tear 
up every thing opposed to them ; but where guns continue to be 
used, the 18-pounders will be found handy and efficient. 

" For direct fire or breaching, no gun of less calibre than a 
24-pounder should be used. 

" Therefore, to carry on the attack of any place, however 
fortified, with speed and little loss, there should be provided to 
be put in battery, immediately after breaking ground, an equal, 
or if possible, double the number of guns to those in the place 
which it may be found necessary to oppose by direct fire ; and 
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beftring on the attack sabject to be enfiladed. Fl?e pi«oea to be 
wed against the principal facet and longest lines, and tbne 
against the shorter lines. To render their fire eflfectaal, howvnt, 
it is mbioluUljf neotsjoryy that two or three 8 or KMneb mortals 
should be planted in each of the principal batteries to des t ro y 
the defenaiye trayerses, and search into such parts of the eufiladsd 
Une ss may be sheltered from the ricodiet of gons. 

** If there be a coTered-way» two or three of the heanisst 
BSlnre of howitzers in addition to the above will be teqmred to 
sweep each of its fiices, when the approaches arrive at IM or 160 
yards from their salients; and three or four pieiriers or OMirtan^ 
charged with small balls, to overwhelm the defenders of each of 
the re-entering places of arms, when the approaches arrivo at 
00 or 70 3rard8 from the covered-way. 

** Such a provision of ordnance will serve to gain poosessisn of 
die covered-way of any ordinary fortress; but, for the Ihrdier 
prosecution of the attack from that point, other fifty piecss of 
ordnance, firing with the fall charge, should be provided. 

*^ The detail of the natures of ordnance at future sieges will 
differ greatly from that laid down by theoretical writers on the 
attack and defence of places, who invariably calculate end resson 
on the effect of ordnance as being the same as in the time of 
Yauhan; whereas, the powers of each calibre of gun and howitMT 
has doubled in force since that period, and such is now the 
accuracy of their shooting, that the fire of the first batteries 
might be rendered serviceable (if required) till the passage of 
the ditch. 

** Again, the recent improvement in the 8 and 10-indi 
howitzers, having increased their range and roidered their 
shooting accurate, they will naturally in future sieges be made 
to supplant most of the guns hitherto used for enfilading, and 
will be the means of clearing the covered-way and re-entering 
places of arms, with far less aid from advanced batteries thsa 
hitherto effected. 



ISS 

<* The practice with small mortan has also become so correcfi 
that they mig^ht be used with the greatest effect as temporary 
expedients, and would in many cases obviate the necessity for 
bringing up more unwieldy machines.* 

<< Spherical case will also naturally be substituted for musketry 
in many situations, and will prove of essential service. 

** The exact number of pieces of ordnance required for the 
reduction of a fortress can only be distinctly ascertained by the 
joint labours of the heads of the artillery and engineers' service, 
after the plan of the attack shall have been decided ; but, as some 
approximation is necessary for the previous outfit, it may be 
stated, that the smallest number of pieces, which any calculation 
will admit for the reduction of a front with a ravelin, is 60 guns, 
20 howitzers, 22 mortars, and 16 pierriers; and that to carry 
on the attack with due convenience and vigour, there should be 
a battering train composed as follows :— 

24-pounders 40 

18-pounders or heavy howitzers 80 

Mortars of 8-inch and upwards with shells • . • 30 
Do. do. used as pierriers • • . • 16.*' 

In fig, 122, there are nine ricochet batteries on the first 
parallel ; let No. 2, 5, and 8 have six guns each (No. 5 being a 
double battery) against the faces of the bastions and their 
covered-way; let No. 1, 3, 4, 6, 7, and 9 have five guns each 
lo enfilade the faces of the ravelins and their covered-way : and 
let batteries a and b be armed with six pieces, each for direct 
fire against the faces d and c of the extreme bastions ; a and 6 
being armed with 24-pounders, and all the other 'batteries with 

* The author saw the Prussians flriog from their trenches before 
Manbeage from mortars of four inches and two-fifths, on the morning 
after breaking ground. The mortars were placed on the bouom of the 
trench (a firm gravel) without platforms, and were throwing a succession 
of shells with apparent good effect into an ad? anced lunette, from which 
a musket shot only was occasionally returned. There can be no doubt 
that portable mortars used in such manner would prove highly serviceable 
at various points of an attack, and it is strongly recommended that they 
should fonn part of every batteirlDg trahi. 
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long (8 or 10 inch) howitzers or 18-po«iden; iMm gms 66 
guns and howitzers; add three mortars for eadi of the elevoi 
batteries; and the total will be sixty-six guns and howitzeta, and 
thirty-three mortars, for the attack of one front on a bezagunu 
Here, then, by fig. 122, there is a fire from one hnndred pieces 
of artillery, that have their choice of position, ooncentialed on 
the fironts attacked ; each battery has a specific object ; and 
even such shot as do not exactly answer their intended purpoaes 
are still injurious to the defences ; for example, batteries No. 1 
and are to enfilade the right and left faces of the extreme 
rayelins ; but missing that, the curtain e is exposed to tlieii 
effect." 



602 ** Considerations on the Quaniiiy of AmmmUiion 
required for a iSieye—- From Sir John Jones's Si^^es, note 20, 
(second part). 

** As the enfilading batteries must continue o^pea till the 
approaches arrive at the crest of the glacis, and the mortar 
batteries during the whole period of the attack ; the ammunition 
of those natures, necessary for a siege of a given duration, 
depends in great measure on the number of rounds fired from 
each piece in a given time. 

** At the commencement of a siege, the enfilading and mortar 
batteries should fire to produce their utmost effect; but after 
twenty-four or thirty-six hours severe firing, the traverses will 
be demolished, the platforms broken, and the artillery on the 
ramparts disabled ; after which, only such fire need be main- 
tained as will prevent working parties of the garrison repairing 
the injuries sustained, or bringing up ft^esh ordnance. For this 
purpose, great precision, and an equal fire day and night, will 
be required, and each piece should fire a regulated number of 
rounds per hour. As the effect of each shot must be watched, 
the charge accurately apportioned, and the utmost attention paid 
that the piece be duly regulated eadi time ; and fiirther, as there 
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is much meril and real utility in eitpendinj no more ammunition 
than is absolutely necessary to eflecl an object, it woiiltl, perha[is, 
be bettor that the fire A ricochet were limited to 100 rounds in 
the twenty-four hours. 

" The mortars in battery might probably be used fo advantage 
to the extent of 120 rounds per day throughout the siege. 

"Batteries to breach, fire as quickly as they can with 
precision, which may now be estimated at 23 or 30 rounds per 
hour; but as such rale of firing injures the guns, and further, is 
little likely to be maintained where opposed by musketry, the 
average proportion for breaching may be stated at 20 rounds pet 
hour, for the period of day-light. 

"On these data, the precise quantity of ammunition of every 
nature required for the reduction of any place may be calculated 
as soon ns the plan of ihe attack has been laid down; but as 
that cannot be fully decided till after the investment, some 
approximaliou to the calcnlatioa is required for Ibo previous 
outfit. 

"For the attack of an ordinary front, it will be fonnd 
sufficiently accurate to provide GO rounds of shot per gun, and ffO 
shells per mortar, on the full proportion of ordnance, slated in 
the former part of this note, for each day Ihe attack is calculated 
to last, or 1,200 rounds per gun and mortar, independent of 
shells for the howitzers, for a siege of twenty days. 

" Assuming the foregoing battering train as the standard of 
calculation, it will naturally be understood that as a train 
composed of fewer pieces of ordnance will have each piece, on 
the aggregate, a longer time in battery, the supply of ammunition 
for such inferior numbers must be proportionally greater than 
60 rounds per gun and mortar. 

*' For each pierrier there should be provided 400 rounds of 
balf-ponnd and one-pound balls; and also a considerable 
proportion of case and grape shot for all the natures of ordnance, 
and at least 15,000 hand grenades. Nor should carcasses, 
light-balls, and rockets be spared — each will under certain 
ciicumstaoces prove highly serviceable. The large rockets 



wwM fojia luilwlw fif Mnj pvpoHiy whidi vmU nit writ 
the May of faCdmr vp wdmiice, and «i pofaili whi 
eoold not be obtained fer the woiking of gma; endwooM 
be ti emendo M weapons to sweep along a dild^ cr 
bedisa of men in confined sitnationa, 

''The nnmber and pioportiona of the aiiol being fizodL a 
bamb of powder extra^ will ensars a pvoviaioB av Briiy witt 
the fiiD diarge or 4 ricochet, as tiiegr may happen to wj. 

«* One thonaand baneia of powder aboTO the aitiilety deanad 
ahoald ahvaya be proTidedfor engineeia* acrrieea, widi nqnanli^ 
of alow nuitch, portftvea. Ice. 

''The proportions above given may appear aoaMivhat la^ga 
la an English officer accostooMd to die veiy acanty as^plias 
flnrniafaed for the siege eqidpanenta daring the kte wan^ bat mm 
oannnander, about to undertake a siege, should be aatiaftnd with 
lesi^ for it b a fact which cannot be too mndi coaaidesad, ttai 
die more ample the prorision of ordnance, amnundtioa^ and 
materials, so much sooner will a place fall, and ao much less wil 
be the loas of the besieger. 

904. Conritkratioms on the engin0en* mtoMi^ nfcsisafy Is 
carry on a siege wUh vigomr; from Sir John Jooea*a 8iegs» 
adToLNotedO. 

''Next to a sufficiency of artillery and ammunition, an 
abundant supply of materials and stores will be Iboiid the most 
important aid, in reducing a place with certain^ and Uttio losk 
Such abundance will facilitate the advance of die approachei^ 
and save the Uvea of the troops at every step. 

** Indeed, there is nothing more certain than that the veduedon 
of a fo rt res s must be paid for in materials or mon, and that tm 
save the one the other must be freely sacrificed. 

''The cause of fortified placea invariably foiling under the 
attadL of an enemy, arises conjointly finnn the superior firs the 
besiegeis are able to bring against it, the unlimited quandtf of 
materials they can ezpoid, and the power they have of opposiiv 
oo every point, a superior fiMrce to that of the garriaon. 
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<* In a town of the utmost maj^itade every supply is limited ; 
gun after gun, and platform after platform may be replaced, fresh 
materials may long be found to repair every casualty, and even 
fresh men may for some time be forthcoming to relieve those 
disabled ; but finite means must diminish by use— the largest 
magazines will be ultimately expended, each succeeding day of 
a siege empties them in a twofold proportion, and nothing can 
be procured from without to replenish them ; till at length, after 
a certain period of resistance, the garrison find all their resources 
exhausted, whilst the power of the attack is hourly augmenting, 
and only save their lives by means of a capitulation. 

'*In the two preceding notes, the quantity of artillery, and 
the number of men necessary to this due superiority of force, has 
been discussed. 

**The quantity of materials required for any given nature of 
operation may, in like manner, be calculated with the utmost 
exactness, as soon as the plan of the attack has been laid down. 
The mass of gabions and fascines, by a measurement of all the 
lines of the trenches firom the sec<md parallel inclusive; the 
breadth of the ditch, the front and height of the cavaliers of the 
trenches, the numbers and extent of the several lodgments, 
&c &c. &c 

«< Alter making the calculation with accuracy, it will be 
neoessaiy to add one half to the amount, as veiy considerable 
numbers of both fitfcines and gabions will be destroyed in the 
carriage, whole rows must occasionally be replaced, and many 
uses will be found for them in the p rogress of the woriL, which 
cannot be anticipated. 

** Next come the materials for the batteries, the gabions and 
fascines for the cheeks of the embrasures, the sand-bags for their 
interior rev^tements and traverses. Then sand-bags to cover the 
riflemen, &c. &c. ; and to these quantities a very large addition 
must be made, as sand-bags are a reserve store of incalculable 
value, and the main stay of most English operations. 



** In a liniltt naimar the qnantitjr of ^■•■rtky gmj 
w qa iied ht tbo galferiet of iiiiiiei» pbitfain^ i pB nt wp^pi o Mii ^ 
lie. tboold be oelcnlated, and a very kige addition mndo to the 
anMNut lor iina?oidable accidents and uabtmmm laboan. 

** The Mitrencbing tools should be, at least, in the pr opor li s n 
ofthiee to one of the strength of the UMist nameiviui woMjag 
par^ likely to be em|doyed« 

** PidMuces and shofds cost little originallj, and are not 
necessarilj expended by use like shot or shdb : one hoor'a fiiiqf 
Cram the hetteries at a siege costs more to a state than the Talm 
of all the entrenching tools with an army. 

^ It will be seen by the Journals,* that owing to a de6ciencj 
of means of transport and other irremediable obstacles^ the 
supplies of tools snd stcHres in Spain were sltogether too snail, 
and prevented msny operations being carried on wfaidi wevs 
considered desirable; and further, created innnnienilile difi* 
culties and delays in performing the work which was romplrtwl. 
Those supplies must not, therefore, be considered any critnion 
of the quantities which ought to be brought up. Indeed, recent 
experience furnishes no data on which to form a correet idea of 
the quantity of materials and stores likely to be expended duiag 
a siege : but the reader is referred to the excellent memorsnds 
published by Connontaigne, and other practical writeis, of the 
expenditure during the olden times of sieges ; and he will then 
see, instead of the miserable quantities detailed in these psge^ 
aO,000 entrenching tools, 200,000 sand-bags, 278,000 sacks of 
wool, 50,000 hand-grenades, 300,000 fascines, 80,000 gabionii 
and other similar quantities of stores and materials, bioaght up 
and expended at most of the attacks. 

^Whatever be thequantity of stores, or however gieat the maai 
of materials found to be required on a calculation of the detaik 
of the several works of a si^e, they should all be on the ipot 

• Joarnsli of Sieges by Sir John Jonea, Bart. CB. 
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previously to breaking ground, or their arrival be assared at 
given periods of the attack. Delay, loss of life, and disaster, 
are the infallible consequences of any irreg^arity in the receipt 
of materials during a siege. 

** With respect to the officers and men required for the 
engineer's service at a siege, the following is submitted as a fair 
proportion for carrying on the duties with vigour. 



«« 



Officers /or the General Duties of the Siege, 



<* Commanding engineer, three staff, two ctirectors, ten 
brigades of one captain and two subalterns each. 

**The directors to be field officers; and as the senior staff 
officer generally acts as major des tranch^cs, that is, all arrange- 
ments of detail are made through him, it is desirable he should 
also be of field rank. 

** The other officers to be either first or second captains, or 
first or second lieutenants, as may be convenient 



u 



Men for Hie General Duties. 



<< One company of sappers on the war establishment distributed 
in the proportion of ten to each brigade of officers. The officers 
of this company to take the general duties of the trenches as one 
of the ten brigades. 

** The above numbers will admit of three brigades of officers 
and men being constantly on duty in the trenches, with one 
brigade spare for extra or distant services, and to replace 
casualties. 



M 



Sappers working as such. 



it 



Four companies on the war establishment, so as to furnish 

twelve brigades of eight men each company, making forty-^ght- 

U 



Wi0MlMftlto0Blbeff; mhAA, it fiiiir nlicA» wotM gWi» t w iiwi 
brigadeiy or one coaipui j, (beiiif in nwai Mmben Mdvappen) 
toDsUBtly working in the tiencbes. Tl» offiem of 
paniat to go on doty and come off dutj in ikB tnmA 
■MD M m aftM lo lMf<» fear relieii. 

*' Mimrs. 

** One conpmy of sefenl^ or eigkty Bien, or a detleAnieiit of 
a aimilar number, but more strongly officered in proportion, 
would generally be suftdent ; bat dioald tke fllace al^eot to be 
attacked be countermined, two oompanica of mnnen nval be 
temed* The officem of theae ooropaniet or detichnealB to be 
eaipleyed on the lame duties with the men. 

** Artifioert. 

** One company of artificen^ or a detachment of the strength 
of 100 carpenters, sawyers, and smiths, embodied from the 
sappers for the period of the siege, or obtained from the troops. 
These men to prepare and lay the platforms, frame the supports 
lor the mines, repair tools, and superintend the making of 
tascines and gabions, mantlets, &c &c. by a separate roster. 

*' The officers of this body of artificers, when compooed of 
detachments from the troops, to take the general dotiea of the 
tpenches as assistant engineers. 
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OmmiBsariei of stores^ 



*^ Two of senior rank, six of junior rank. The former to 
have charge of the park by alternate relief ; the latter to go 
on duty at three reliefs ; and have chaige of the stores, tools, 
and materials, going from the park to the entrepdt or tienchei^ 
and returning from thence to the park. 



»1 

" The conuDisuriat will le^nire Uum reliefa of faor mca each 
to be permaDently attached to them f<» the whole period of tba 

" These men might be sheeted fiora the non-commuKDiKd 
officers aod ipare men of the companies of sappera or the arti- 
ficers, and be aided in their dntiea as the senice reqmred it bgr 
soldiers of the tine &om each relief of the woiking P<^> 

The i^peTs, miners, and artificeTs, when not lequired to 
work at tbeir respective trades or occupalioju, to be employed 
by regular retieta on the general labours of the trenches, wUch 
would be found to facilitate the coostraction of the batteries, 
magaainea, &c &c, and much dirainish the number of tfa» 
troops necesmy to form the working perties. 



" ^uBinuiry of Iki Engineer's EHablubmml for a modtnta 
Siege. 
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" If the attack of a fortress be attended with local (Mfficaltiei, 
•I divided ioto iSstiact oper^tioos, the above numbers of both 
<Acers and men most be very coosideiably augmented to enaoia 
due efficiency." 

With reference to these paragraphs (301, 302. 303 and 304) 
the following infbrmatioii is annexed on the late si^e of 
Antwerp^ extracted from the history of the operalioos, pidttished 
in ih» United Serviee Jmmal, A'o. 52. 
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In the attack of die dtadd of Antwerp in NoTflmber and 
December, 1832, the French army ander Manhnl Gerard, 
employed in the siege, and covering the operatkma, amoanied 
la64J00O infiuitry, 6,000 cavalry, 6,450 engineers, artilleiy, 
pontoon train, &c. ; in all 66,450 men ; 14,300 horwa ; 144 
placet of siege, and 78 pieces of field, artillery. 

The strength of the garrison of the citadd onder the ofders 
of General Chaas^, amounted to 4,470 moi, with 145 pieces 
of artillery of all calibres, and an abundant mpply of 
ammunition and material. 

AD previous preparations on the part of the besiegers being 
completed. Marshal Gerard moved his head qoarteia to the 
village of Berchem, about 2,500 yards from the ramparts of the 
citadel on the 29th of November, and issued orders for com- 
mencing operations at night-fall. 

At 8, p. m., the troops destined for this service consisting 
of 18 battillons ; 900 artillery, and 400 sappers, in all about 
17,140 men, assembled by detachments at the three dep6t8 of 
entrenching tools. The covering parties composed of the flank 
companies of these brigades, supported by twelve 8-pounder8 
and a strong picquct of cavalry debouched under cover of the 
walls and hedges, and were thrown out under the direction of 
General Haxo, by whom, and the officers of his department, 
(the engineers) the first parallel and its approaches were traced 
out ; while General Neigre, and the officers of the artillery, 
simultaneously occupied themselves in marking the projected 
batteries. 

15th December. The besieging army exclusively before the 
citadel, was augmented to upwards of 30,000 infantry ; ther^Dre 
including the sappers and artillery, the number of the investing 
and besieging corps was about 7 to 1 of the defenders. 

5th December. The number of pieces of artillery in the bat- 
teries of attack, that opened on the citadel, was 105 : viz. twenty- 
six 24-pounders ;eighteen lO-pounders ; forty 10-inch and 6-inch 
jnortars; and twenty-one 8-inch howitzers. 
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Slst December. On the breaching and counterbatteried 
being completed, the whole re-opened with increased vigour, 
and from this period to the last hour of the siege, 40 mortars, 
20 howitzers, 6 pierriers, 19 Coehoms (3J inch bore), thirty 
24-pounders, and fifteen IG-pounders, in all 130 pieces, main- 
tained an almost incessant discharge ; and yet not a single 
casemate in masonry had hitherto received any serious damage. 

The citadel, on which this fire was concentrated, is a 
regular pentagon of 188 toises exterior side : want of accurate 
practice was inexcusable, as the maximum 

Gun range was 680 yards 

Howitzer ditto 850 ditto 

Mortar ditto 1000 ditto 

The new features in this siege in the artillery department 
were: 1st, the tremendous effects of the new, long howitzen 
(introduced into the French service by General Paixhans and 
into the English service by General Miller) ; the practice of 
which is well known and highly appreciated by the British 
and French artillerists. 2d. The increased eraplo3rment of 
Coehom mortars on both sides, as the attack approached the foot 
of the glacis ; which searched into the saps, and behind traverses ; 
superseding, (together with howitzer shells), the necessity of 
cavaliers of trenches. 3d. Bringing into use an immense 
mortar having a calibre of twenty-four inches ; the shell of which 
holds ninety-nine pounds of powder, and when charged, weighs 
one thousand and fifteen pounds ; the chamber of the mortar 
contains thirty pounds : weight of the mortar fourteen thousand 
seven hundred pounds ; and of the bed, sixteen thousand pounds. 
The utter impossibility of using such a machine, requiring 
transport for the enormous dead weight of about eighty tons, 
(except in peculiar cases, such as at the siege of Antwerp), 
renders it unnecessary to dwell upon the merits or demerits of 
this subject. 4th. The adherence of the French artillery to 
the use of brass battering ordnance, which is well known to 
possess properties very far inferior to iron guns; as indeed was 



ibovB bjthe difpotttion of Ibc brass funs in the toaaekii^ 
lMiltBiy» sad slsewboKy to run at ths Teat aad droop at lbs 
muukp althougb they did not eiceed six or asren nmodm in aa 



BxpendUurt ofammunilion. 28rd. Deeambery at M a.ak 
Aa ire ceased entirely on both sides, hanag basn aiaintaioed 
Igr tha Dutch from mid^y on the 90tk NoTeBbcr; slIri^iiliMS 
twanty-two days and twenty-two houra: and, by die Frendi, 
ftam 11 a. m. on 4th Deceflaher, making eigbleeQ di^ aad 
twenty-three hours: the former having «Kpended faHy«twe 
tboQsand rounds ; and the latter upwards of aixty-thrae thooaand ; 
tha half of which were hollow projectiles. 

Taking the number of pieces in battery la have been one 
bondred and fire, and the number of daya niaetaen, this will 
giro about three thousand three hundred lor the whok, per day ; 
su hundred rounds for each piece for nineteen daya, and tfairtf- 
ona rounds for twenty-four hours; or, not one shot in fiatf 
minutes for each gun. 

Marshal Gerard* in his report of the 13th l>eosnBber» si^s 
^I have given orders that our fire shall be anaqged, ao that 
there shall be continually a shot or shell in the air ; the execution 
of this measure allows no respite to the enemy, and prevents his 
quitting his casemates where he has taken refuge." 

Engineers^ meaiu. The supply of fascines, gahionj, saad 
bags, platforms, entrenching tools, &c. at this ai^ge, were most 
abundant. 



SUPPLEMENT TO THE ATTACK. 

In the Military Maxims of Napoleon,^ at page 178^ the 
following principle is laid down. 

• ** The Officers* Manual .•^Military Maxims of Napoleon * translated 
firoai the French by Colonel D'Agrnilar, Depnty Adjatant General to the 
Troops ierfias in Ireland, 18S1.*'— An inttmetife nod animated IHtie 



** Fortreaiet are eqnaHy itteftd io ofieofbe and defenaive 
war&re. It is true, they will not ia themselves arrest an amj, 
but thej are an excellent means of retarding, embarrassing, 
■weakemng, and amioyiog a Tictorioas enemy." 

On which tiie following remark is made : 

** The brilliant success of the allied armies in the campaign 
of 1814 has giren to anany nilitary men a 'fidse idea of Ae real 
▼ahie ai fortnsaeB. 

^ The fomidable ixNiies tfast croiKed the Rhine and the 
Alps at this period, were enabled 1e spare lai!g>e detachments to 
blockade the strong places that covered die frontiers of France, 
without materially afiecdng the nnmerical superiority of the 
army which marched upon the ^apitaL This army, therefore, 
was in a condition to act, without die fisar of being menaced fay 
its line of retreat. 

** But at no period of military history wei>e the armies of 
Europe so combined before, or governed so enttvety by one 
common mind in the attainment of a single object. Under these 
circumstances, the line of fortresses which surround France was 
rendered unavailable during the campaign ; but it would be very 
imprudent, therefore, to conclude, that a frontier, guarded by 
numerous fortreses, may be passed with impunity ; or, that 
battles may be fought with these places in your rear, without 
IHcevioasly besieging, or at least investing then, widi sufficient 
forces." 

When Napoleon's sun was setting he found himself in pe^ 
seasion of many strong holds, besides the line of fortresses 
surronnduig France, the inefiicknt garritona df which he 
endeavoured to stimulate to the utmost defensive exertions by 
edicts, instructions, &c; one of which contains eo Kinch nseM 
matter, that the compiler has annexed neariy the whole of it ; 
not being able to obtain tiie original in Paris, he has avaikd 



work, for whleh the offleers of the British army are mach Indebted to 
Colonel D*Aigiiltr, and a copy of wMoh ought to be Id the famdi of 
every oflletr. 



himtalf of the tnndatioii of Major Rcid of llie Royil Eo* 

gineers. 

** ExtracUfrom Instructwns for the defines offartnMBM, ieni/ti 
by the French Imperial Minister at Wart in 1818. 

** 1. These uutrucdons aie more ptrticiilarljr drawn op lor 
goyemors of great fortresses : it is in such that the defence is 
most complicated : but at the same time eveij oflker commanding 
in a fortress, or even in a fort that is capable of resiating a coup- 
de-main, will here find his duties detailed, excepting sock 
difference as arises from the size and population. 

** 2. His majesty has sanctioned the distinctions of the three 
•ereral states of Peace^ of fFar, and of Siege^ established hy the 
law of the 10th July, 1791. 

** In these instructions, are embodied the general reguUtioDS 
established by hb msyesty. 



" CHAPTER 1. 

** Of the preparations for defence which ought to be executed 
during the state of peace, without waiting for theU qfvrai, or of 
siege. 

'< 3. His majesty commands that every commandant shaH 
consider his ^rrison as liable to be unexpectedly attacked, and 
to pass at once from a state of peace, to one of toor, or of siegs; 
either by rebellion, by unlawful assemblies, by the presence of 
an enemy, by a surprise, or by sudden assault ; in a word, by 
unforeseen causes, of which the history of war offers too many 
examples. 

" His majesty, therefore, directs the governor to fix, even in 
time of peace, his plan and arrangements for defence, acoordiiig 
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to such supposed attacks as may appear most pit>bable, and to 
determine, for the principle cases that may be likely to occur, 
the necessary posts, reserves, and the movements of the troops ; 
and take measures to ensure the due and active co-operation of 
every corps of his garrison. 

** 5. He ought to endeavour particularly to make himself 
thoroughly acquainted with— - 

** First, The ground beyond the place virhich may be within 
the circle of action, of investment, and of attack : 

** Secondly, The fortification of the place ; its interior ; its 
buildings ; its military buildings or establishments : 

** Thirdly, The garrison ; the means of the place in artillery, 
in ammunition, and in other stores of every kind : 

** Fourthly, The population to be subsisted in time of siege ; 
the men capable of bearing arms ; the master and journeymen 
artificers fit to be employed either on the works or in case of fire : 

** Fifthly, the provisions, materials, tools, and other resources 
which the town itself and the surrounding country can furnish, 
and which it might be necessary to secure in case of a state of 
siege. 

*^ In order to enable governors and commanding officers to 
comply with the intentions of his majesty, their principal duties, 
according to the circumstances in which they may find them- 
selves placed, are detailed in these instructions. 

SECTION I. 

** The reconnoissance of the fortress and its dependencies divided 

into three heads. 



" Section I.— First Head. 
The reconnaissance of the ground outside the place. 



« 



<' 6. The circle of actum.— The first duty of a gOTemor, or 
officer commanding, from the moment of his entering upon his 



(nBttdotrnf if to ttadf tiwetj ihmg wUdi co n e wg the AdmM 
cfihe place which is confided to his cue. He wUl thenfat 
nske himself tboioiigfalj acquaintad with its topog^nphicri 
dltnatioD ; its oonnection with the neigfabovrinf tetnawe; with 
the frontier in g^eneral ; with the ofioMm and defennve opevsp 
tioos of amies, and the part it might haie to play in sm^ 
operations. 

^< He is to pfocnre exact information rapeetfai^ the nadi^ 
canals, rivers, bridges, &c^ which maj ftcilttate lus '"^^wfH- 
cations with the neigbonring fintrasns, or wMi aaj corps 
executing an operation in which it might be in his power U 



** He will cause to be reconnoitred all the deboocU^ sr 
posts, whidi it may be of importance to occupy befete a sieges 
with the Tiew of checking the march of an enemy ; of CiDiBg ei 
bis conToys, or retarding in any manner his operation. 

^ If it should be a suiritime place, he on^gbt to know what 
lasources for the defence can be derived from its navid mesM. 

** He will take care to concert with the senior officer of the 
navy what may regard this head. 

**7. Circle of tno^ffmnftt— Afbr having gained this 
preliminary knowledge, the commandant will apply himsdf ti 
otndy, more in detail, the ground which any be included widna 
the circle of investment, as far as the most &vouraUe Mtw*iM« 
for the enemy's parks, and their lines of circumvallation. He 
will study all the undulations, in order to profit from the advan- 
tage they may offer of confining the enemy in chooong his 
ground of encampment Whilst he is employed in gainii^ » 
^miliar knowledge of ike ground, he must calculate beforehand 
the way in which he could most iojare an enemy, without 
exposing his own troops to be cut off in their retreat 

" 8. Circle of aiiack. Within the circle of attack (which 
extends ficom the glacis as far as a circle which will include, in 
case of siege, the enemy's dep6ts, and the tail of their trenches, 
adtstanoeof akibmstre {nearly 1100 yards) from the crest of 
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the parapets of the most advanced covered way], the governor, 
or commandant, wiU keep a strict watch to ensure that, in con- 
formity to the intentions of His Majesty, no erection or establish- 
ment whatsoever shall be made which mdgbA serve as cover to 
the enemy. 

*' He will ^Lamiiie mfli attentiaii the natim of the ground, 
aad those paits whidi may be most fevoarable to approachef. 

^9. If the place be one diat has already been besieged, he 
must study the journal of ils attack and defence on the groimd 
itself, that he may examine what laolts may have been oommittod 
in the defence, in order to avoid them ; and in the attack, to ihe 
end he may profit bj those of the enemy shonld he again foe 
guilty of them ; or in order io devise other means of oppomg 
him« should they not occmr a second time. 

** 10. If the fortress diould possess the means of covering 
any &f its fronts by inundations, he will make himself acquainted 
with the time necessary to form them : he will take care that the 
bitardeaux and riuioes are in a good stale, and that the latter 
can be worked with £stcility. 

^*If it should be long since die ground fonnerly susceptible 
of inundation has been wet, and that he should be afraid lest 
cultivation, or other causes may have raised the land in such a 
manni^ as to render it impossible to inundate it again, be mtey 
demand* authority of the minister, to ascertain this point by 
taking new levels : this is of die more importance, because these 
parts ai the fortification wUdi are covered by an inundation 
being always the least protected by wwks, it fiillows, that if this 
inundation can no longer be ibrmed, the place will be very 
much exposed on that side which it ought to cover* 

*' If the inundation can only be ibrmed by slow degrees, and 
he is afraid of an attack, he most obtain the necessary authority 
to oommence it in sufficient time, that he may not be surprised. 
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** Section I.-^Second Head. 
*^The reconnoissance ofihefofrtificaiion. 

''11. Ofik» main enclosure. — ^The governor, or officer com- 
tnanding, will reconnoitre, in concert with the oommaiicUn^ 
engineer, the enclosure of the fortress, the nature of its foitifi* 
cation and works which compose it, both as they rdate to the 
defence in a general, and in a particular point of view: he will 
carefully examine whether the parapets are thick enoogh, and the 
terrepleins as broad as they ought to be for the artiDeiy, and if 
the parapets are high enough to cover the men and gnna : abo 
if the scarp wall be such as to be secure against escahidei^ or an 
attack by coup-de-main ; in fine, whether each of the works be 
capable of being retrenched, or of being otherwiae imjHOTed at . 
a small expense. 

** 12. His chief attention will be directed to the points of 
attack, which he will study in a particular manner, that he buj 
well understand what means to employ in order to prolong the 
resistance. 

^* 13. He will order a report to be given him of the arrange- 
ments to be made for improving such parts of the fortification as 
are susceptible of it, and a return of those means for its execution 
which ought to be in readiness before hand. • 

** 14. The oiUworks, — Afler having examined the enclosore 
the governor will inspect all the works comprised onder the 
denomination of outworks^ and which are situated in the ditches 
of the place, such as ravelins, counterguards, tenails, &c.; 1m 
will study in what degree they aid the defence of the body of tbe 
place, and the reciprocal defence they give and receive, as well 
as the peculiar use which may be made of each in the general 
defence ; he will satisfy himself that their interior is well under 
the fire of the body of the place, and that the communications 
between them, and it, are secure. His reconnoissance most 
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iQclade every gate, sally-port, and issue, by which he might 
be enabled to fall with rapidity on the enemy, whether for the 
purpose of preventing a passage of the ditch, or to dislodge him 
from an outwork which he may have gained. 

<< If the ditch should be a wet one, he will inform himself of 
the means that may exist for establishing communications 
between the body of the place and its outworks. 

" 15. The covered way. — ^The covered way will be the 
object of particular attention : the governor wiU examine whether' 
all the branches be directed in such a manner as distinctly to see 
the surrounding ground ; whether the traverses be in a good 
state ; if the banquettes have the proper dimensions ; if there be 
a sufficient number of barriers for sorties, and if they be pro- 
perly disposed. 

*' If the communications be easy ; if the places of arms which 
serve for assembling the troops for sallies be sufficiently spacious ; 
if they have a redoubt or tambour to protect the retreat ; in short, 
he will study the whole disposition, in order to understand the 
best destination to give the troops charged with the defence. 

" 16. Advanced works — The advanced works of a place 
ought to increase its capability for defence. The governor will 
consider for what purpose they were constructed ; whether they 
will perform the part for which they were intended; whether 
their communications be secure and easy : and above all things, 
whether their interior be properly seen from the body of the 
place, or intermediate works; because in this case they present 
much greater difficulties to the besiegers in lodging themselves 
within them, and they fisu^ilitate those offensive operations of the 
besieged fretours offencifs) in which the most important part of 
the defence of fortresses consists. 

*^ 17. DetacJied worksy forts^ and other dependencies of tJie 
place, — The object of these works is in general to see into 
places where the undulations of the ground would otherwise give 
cover to the enemy ; to occupy a point which commands the 
fortress; to protect a dyke or sluice which supports an inupda- 
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tioD fiiToonfale to dUfisBce; or to take in lOTerte the mpproMftcs 
of the beaiegenu 

** The govemor will aBcntaiD the strength and naUueof thaaa 
works, which, for the meet part abandoned to tliaMBl?ia» ^ uim 
all their strength from their oonttmctiooy and from the admnlafs 
of their position : he is not to neglect to iniurm himsatf of tka 
different purposes lor which they were erected^ their conpaonliva 
degrees of utility, and particulazly the nost speedy imd rftiiliisl 
means of establishing their coMnranicaiions with tfie foUiuss, k 
order to haire it in his power to support them, or t» aecon tka 
retreat of their garrisons. 



" Section L—^Third Head. 
** The recannoiiianee of the interior ofiktplatu, 

*^ 18. The goyemoror officer commanding a fortress dioaU 
be thoroughly acquainted with evefy thing in the interior which 
is under his jurisdiction, or may be useful in the defence ; he 
will observe, in conformity to the law of the 10th of July, ITOly 
and the imperial decree of the 24th of December, IBll, that no 
repairs are executed to dther buildings or incloanrea which may 
be situated on the military ground, without the especial authoiity 
of the minister at war ; he will take care that the street adjoiniag 
to the ramparts remains perfectly clear for communication. In 
any case where the intentions of the legislature on this point ds 
not appear to be fully executed, he may inform the minister vA 
receive authority Ifrom him, if necessary, to mforce the ptopcK 
execution of these laws. 

** He will be equally careful that the streets which serve ss a 
direct communication between the great square, or place of 
general parade (plaee d'armej^ as well as between the militaiy 
buildings and establishments, and the street adjoining to the 
ramparts, shall neither be done away, nxa narrowed, without the 



303 

plans for the parpose having been pievionsly concerted in 
conjunction with the military engineers. 

" ]9. He will examine, with care, the site of all militaiy 
bnildings and establishments ; the esplanades, and all other 
groondfl connected with the fortification, to be able to jodge 
what relation tbey bear to the body of the place in case of attack, 
or with the rest of the interior in case of alarm. 

** He ought also to know the situation and capacity of such 
public buildings as might be converted into use, as well as 
what casemates and arched cover there may be, to protect the 
provisions, and to quarter the troops and the sick. 

** 20. In examining vacant spots of gpround, he will come to a 
conclusion beforehand, as to which of them might serve for 
parking horses or cattle, and what kitchen gardens there may be. 
If places for the stowage of wood and forage will be required, 
he ought to sacrifice pleasure gardens for this purpose, and 
protect those grounds where herbs and vegetables are cultivated, 
as precious resources during a long siege. 

** 21. If water be scarce, he will cause beforehand all the 
wells, where it is to be found good, to be examined, that he may 
be able to mark them in case of siege, by patting labels outside 
the doors of those houses to which they belong. 

*^ 22. He will examine carefully all the water courses in the 
interior of the place, the bridges and sluices, the rivers, canals, 
aqueducts, drains. Ice in order that all the issues by which an 
enemy might possibly get into the place be perfectly known to 
him; he will see that thegratmgs, or other contrivances fordosing 
them, be kept in good order, and he will, personally, take the 
greatest care, that none of the precautions against surprise be 
ever neglected. 
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"SECTION II. 



** Divided into four heads : — of the garriton and iU 9laff; of 
tk$ artillery and ammunition; of the engineen and the mutteriak 
relating to the defence ; and of the siege stores* 



« 



" Seaion I L— First Head. 



Of the garrison and its staff. 



" 23. A thorough knowledge of the place, wUl enable the 
goYeraor to fonn a correct judgment of the distributioii he ought 
to make of the garrison in the defence ; to determine bow the 
different arms should be proportioned for each operation, and 
tiie means the fortress affords for acting offensiYely ^pour ks 
retowrs offensifsj. 

** He will study the character of the different officers who 
compose his staff, that he may have it in his power to employ 
them with the greatest advantage to the service according to 
their talents. 

"He will set them the example of punctuality in the 
discharge of their duty ; he will endeavour by his conduct, to 
inspire the troops under his orders with a due respect for him ; 
he must give them an idea of security, and never show himsdf 
anxious with regard to the weak points of his fortress. 

"24. He will exercise his garrison in defensive manoeuvres. 
Nothing is less like the manoeuvres in the field, than the mote 
concentrated defence of fortification : it is necessary to instruct 
the garrison how one work defends another, and the protection 
the fortifications give to sorties, whether during the period of 
their attack, or that of their retreat. 

" It is above all things important to make them wdl 
acquainted with the communications leading to the outworks, 
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and with the successive defences of the covered-way, and 
intrenched works. 

*< The best method b to have a false attack, in which the 
troops of every description shall act their part, and in which 
every thing should be an exact representation of some particular 
operation of a siege : he will be merely cautious of expending his 
ammunition. He ought to suppose the enemy to be routed; 
whether through a wrong choice of the point of attack, or ia 
causing him to attempt impracticaUe manoeuvres, or ill-judged 
projects. 

*' He must make his men fire at the target, giving rewards as 
an encouragement : he will preserve memoranda of those who 
gained the most prizes, that he may employ them whm the 
occasion offers. It is of consequence to fire well in a si^; 
not to fire miich. 

"** Section IL'^^Second Head. 
** Of the artillery and ammunition* 

** 25. llie commandant will draw up, in concert with the 
commanding officers of artillery and cng^eers, the plan ibr 
arming the fortress, with the number of pieces of ordnance 
which may be necessary, and their stores. He is to verify the 
reports personally, to see that they actually agree with the state 
of the stores, and whether there be all the necessary laboratory 
compositions and other auxiliaries ^feu d^artificesj for defend- 
ing the breaches, the passages of the ditches, and for lighting 
and discovering the approaches of the besiegers. 

^ He will concert with these officers the various positions 
which his artillery may be made to take in the supposed attacks 
of an enemy : and he will also determine on the means to be 
employed to cover it from their fire.* 

* General Gribeauval, in 1770, proposed that the calibre of guns 

PDoanted on the ramparts of a fortress should be reduced U> about 

X 



soe 



" Section IL—Third Head. 



^Ofiht cn(,imerSf and the TMUerials relalmg to the defi 



^76. The governor will eximinc, in concert with tbt 
CDBBumding engineer, the state of the storehouses and materisb 
for the fortifications. He will acquaint himself whether there be 
in the fortress palisades in sufficient quantity to r^ilaoe such m 
may be destroyed : whether there be a sufficient qoantity ef 
gabions, fascines, hurdles, beams, planks, round timber, conbge^ 
iron, intrenching tools, mining and carpenters* tools, iiail% 
cbenuiz de frize, in short every thing that is requisite for tWhnm ' 

** Section IL — Fourth Head. 

'< Of the provisions and the other matters belonging to the 

commissariat, 

** 27. The governor will examine into every thing which may 
concern the subsistence and the health of the garrison and the 
inhabitants : he will cause reports to be made to him of the grain, 
the meaty and liquor of every description, which he will per- 
sonally verify : the description and state of preservation of the 
ovens will be inspected, to be assured that they will suffice for the 
garrison. 

"28. The qucintity and quality of provisions of every 
description ought to be perfectly known to him ; in order that, 
calculating the force of the garrison and the wants of the place^ 
he may take the necessary measures for keeping them complete, 

IS-poanders, as it is not extreme ranjje, but multipUeil fire, that is most 
required for the defence ; and that this calibre is quite sufilcient to batter 
parapets newly made, heads of saps, Ac. lie also recommends ligbt 
elevated carriages, that the gans may be readily moyed from place to 
place. — C. 
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or for sparing them in order to prolong the defence as much as 
possible, in case circumstances should not hnve allowed him to 
lay in all that may be proper. 

'^29. He will visit the magazines of provisions, that he may 
know whether every thing relating to them be well regulated, 
and each species of provisions be stowed in the most appropriate 
place. Looking forward to the necessity of placing them in 
security in case of siege, should the town not contain a sufficient 
number of casemates, he will take an account of all the buildings, 
and particularly of cellars which may serve this purpose ; in order, 
if required, to render them proof against the projectiles of the 
enemy. This precaution should extend to all the stores and 
provisions for the siege, to whatever service they may belong ; 
and a fair division should be made of the bomb-proofs, according 
to the real wants of each branch of the service, and not to 
demands often exaggerated. 

'* 30. The hospital merits very serious attention ; the governor 
should elamine whether it admits of being blinded,* fhlindij 
and if it would be sufficient for the necessities of the garrison 
during a siege. In case it would not, the governor will fix on 
one or more large and commodious buildings for the purpose, in 
order to cause the necessary Work to be commenced for the 
security of the sick, from the moment the place may be 
threatened. 

"SECTION in. 



'* Divided inio two heads :^*^ftht population^ and ofth$r$sofire9i 
which the town and environi maij furnish. 

" Section IIL^First Head. 

** The census of the place : of the useful hands and the useless mouths. 

**3\* The governor ought to make himself acquainted with 
the character and disposition of the inhabitants, particularly if 

** * Converted into a temporary bomb-proof by strong f Imben* 

z2 
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the fortrett should htfe been a recent conqneety in order to 
restrain or tend awaj the maUconteots who may be in it. 

** In the French fortresses the governor maj orgnniae the 
national guard, which will be a great resource. By animatii^ 
and encouraging them they will become inured to damgar like the 
troops of the line. 

**In a place that has been recently conquered or united, it 
will be more difficult to derive assistance from the inhabituits; 
but if the governor knows how to make himself reqpected ; if he 
has given convincing proofs to the inhabitants of his justice and 
his firmness, he will at least have nothing to fear from them, and 
rewards or severe punishments properly applied, will imtin*Mn 
them in their all^'ance. 

*'He ought, beforehand, to cause the mayor to fnmidi him 
with correct returns of the population, and the resoorces of die 
town, in order that he may form his calculations of the numbeis 
to be maintained in case of siege ; also returns of all oselesi 
months to be sent away ; of men fit to bear arms and of master 
and journeymen artificers fit to be employed in case of fire or oo 
the works. 

" Section III Second Head. 



4< 



Returns of stores and materials : of provisions ; and of arrw^ 

ments to prevent fire. 



** 32. The governor will cause returns to be made of every 
thing useful in case of siege, whether it be in the town or in the 
surrounding country, that he may be enabled, at the moment of 
need, to collect whatever may benefit the defence, and to destroy 
whatever may be hurtful to it by falling into the hands of the 
enemy. 

" 33. He will cause the inhabitants who ought to remain in 
the fortress, to provision themselves in due time, for a period at 
least as long as that for which the garrison is provisioned : he 
must make them understand tlie necessity of not waiting till the 
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last moment, for supplying themselves with the things they 
require for their consumption, hecause they ought to know that 
their interest, in this respect, is the same with that of the 
defenders, and that those who are herein guilty of neglect, will 
run the risk of want during the siege, or of being turned out as 
useless mouths. 

** 34. One of the most important cares of the goyemor will be 
to make arrangements beforehand against fire ; for this purpose 
he will concert with the civil authorities, in order that they may 
form squads of firemen, purchase fire engines, ladders, and 
hooks, and that they may oblige the inhabitants, according to 
their means, to provide a certain number of leather buckets, and 
to furnish themselves with tubs for holding water. Such an 
oi^nization for a fortified place, provided it be well executed, 
will give great security to the inhabitants against fire, which 
either the enemy, or the ill-will of any of the people of the town, 
might occasion. 



"CHAPTER II. 

" Of those preparations for defence which belong to the state of 
war, and especially on the prospect of a siege, 

"35. The moment a place is declared in a state of war, the 
governor will redouble his vigilance and activity, in order to 
execute all those measures of defence which a perfect knowledge 
of his fortress, and its resources, may have made him judga 
necessary. From this period, both the national and municipal 
guards are under his command ; and the civil authorities can 
neither issue any police regulations, except in concert with him, 
nor can they refuse to promulgate those, which he may deem 
necessary for the security of the place, or for public tranquillity. 

" 36. The governor will accelerate the works of defence, 
by every means in his power. 
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^ 37. He ought now to oommenee tlie iiiiuidalioa% if tjktf 
tre alow in forming^ themaelvety and to fill tbo tBamrwoin whic^ 
are to sweep those ditches which ought at fiisl to be cMeodad 
as dry ditches. 

** 38. He should construct bridges of raAs, to ootmnanicale 
across ditches and rivers : such bridges cannot be deatiojad bf 
tiie enemy's artillery, and will bear the heariest weighta. 

** 30. In sea ports and in fortresses situated on great xiv«% 
or fortresses, in front of which wide and deep inundationf may 
be formed, he will collect armed boats. The mode of amuif 
them must bo concerted with the commanding officers of tbf 
artillery and engineers, and when there may be one, with thf 
senior officer of the navy. 

** 40. The governor will apply himself, with the great e s t 
diligence, to all that n^ards the provisions and stores of every 
species, and he will use all means to make them complete and to 
keep them so : this is the most delicate part of his duty and that 
in which negligence might cause the worst consequences. 

^ If all the grain be not ground, he will cause it to be doner 
or else satisfy himself that there is the means for grinding it 
during the siege, by constructing in time either hand-miUs, or 
mills to work by means of horses. 

^41. Great fortresses alone have the property of having 
some part of the interior little exposed to the enemy's fire : such 
an advantage is precious. It is in those parts that it is of con- 
sequence to deposit such provisions and stores as are most 
valuable, avoiding however to unite them in mass that they oiay 
not form a focus for conflagration. 

** Magazines of wood and forage ought to be in the. open air, 
in small isolated stacks. The daily issues can be veiy well made 
in sheds. 

" 42. When the town is small, and where there is no quarter 
that will not bo very much exposed to the efiect of the enemy's 
projectiles, the bomb-proof covers must be multiplied as much as 
possible by means of blinds (blindage). Such shelter is fonnsd 
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in a abort thne, ami only requirea timber and earth. Buiiclinga 
having brick waUs may be advantageously used for the purpose; 
they should be blinded on each story if possible, the useless 
doors and \Findows should be blocked up, and in this way 
healthy bomb-proof cover may be obtained for the defenders, 
and especially for the sick. 

'* 43. If there should be neither building fit for blinding* 
nor yet bomb-proofs in a fortress, their place may be supplied 
by forming blinds, of trees leaning against each other in a 
sloping position, or by placing them reclined against rev^tements 
or solid walls, in those parts which are the least exposed. 

** 44. The same measures should be adopted for the powder 
magazines if they are not already bomb-proof. Such as exist 
ought to be solidly blinded, and if they should not suffice, then 
dry cellars must be occupied and blinded. 

" 45. The wells and cisterns which may be necessary for a 
supply of water must be also blinded.* 

« The insufficiency of blinded cover as a proteciion against the 
increased effects of mortar and howitzer fire, has been already mentioned 
in paragraph 205 ; and is still further illustrated by the following remarks 
extracted from the History of the Siege of Antwerp in 1832 ; published 
in the United Service Journal. No. 62. 

3d to 4th December, 1832.—'' Generally speaking, the blinds raised 

over the embrasures on the faces and salients of the citadel, frcm being 

exposed to a raking Arc, especially from the long howitzers, were seen 

to give way, and may be said to have prodnced embarrassment rather 

than security. 

**• General Chassfe, in his report dated 10th December, flays, Tho 
enemy employed against as pieces of a new invention, called Paixhant, 
(i. e. long howitzers). Nothing could resist their force, which caases 
great ravages in the buildings and blindages.*' 

'* During the day (Gth December) the buildings of the citadel wer« 
observed to be on fire in various quarters, whence large columns of smoke 
and bursts of flame were seen to ascend. Towards dusk, the grand 
magazine of provisions, which had been carefully blinded, was ignited, 
and burned with such fury as to baffle all efforts to arrest its progress. 
The temporary bomb-proof hospital, also rendered as secure as the 
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^ 40. After these delafls it wiU be leen hcfW imrrtMHij^ 
timber it in a fortress. Therefore the goTemor most Defied 
BO means of augmenting his store of that useful article. It b alscr 

Ditnre o( such works admit, was traversed by a shell, and three mei 
killed. The insecurity of this building was to great that the wovnded 
wtreremoYed to the Tite de Flandre.** 

Again, " from 7th to 8th of December. A howitzer shell Iroin bat« 
tery No. 4, having penetrated the blindage of the laboratory, aet fire to 
the loaded bombs and other combustibles deposited there, and caused 
considerable ha?oc# The utter inefficiency of these temporary catenates 
against the plunging fire of the new model howitxers, or indeed against 
that of mortars projected at the usual eleyatlon, began to awaken teriou 
apprehension in the mind of the goyernor, and was a source of deep 
anxiety to himself and his officers, who saw the most important points of 
shelter thus hourly menaced with ruin, without the possibility of apply- 
ing any remedy. 

** Many passages in General Chas8^*s report, not only dwell on the 
saiTerings, but plainly indicate the fatal moral effect wrought on Ufe 
people by the scene of devastation that surrounded them, and thus shows 
the paramount importance of airy, extensive, and secure bomb-proofs." 
During this siege, from the continual shower of hollow projectiles from 
the French batteries of attack, the defenders of the citadel had " no 
repose, no efficient mode of cooking ; they had lost all confidence in the 
protection of their shelter ; were harassed day and night by the fall of 
buildings ; were herded beneath posterns, insecure blindages, cellars, 
damp casemates, and infected communications. 

** From 8th to 0th December^— On the previous day heavy jets of 
smoke and flame were seen to rise from the great barracks, the upper 
story of which had been fllled with earth, manure, and other precautious 
against fire ; but by the afternoon of the 8tb, the whole was reduced to 
a heap of ashes. 

** The loss and inconvenience inflicted on the besieged by this mis- 
fortune, was an aggravation of their sulTering. For now the laboratory, 
kitchens, church, hospital, and magazines of stores and forage ; in short, 
almost every building in the place was destroyed, or so riddled with shot, 
as to render it unsafe to approach their crumbling walls; and thus forced 
the soldiers not on duty to confine themselves to posterns and casemates.*' 

The wells, also, from want of proper bomb-proof cover were so 
greatly injured, that the defenders were much distressed for wholtsone 
water. 
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required for TetrencbmentSy for tambonts in wodd, for fralses 
and palisades, for repairing dama^^ed gun carriages, for con- 
structing rafts, &c and for the consumption of the garrison.* 

** 47. The firemen, if there be any, with their engines and 
articles belonging to them, now also pass under the command of 
the governor. He will, in concert with the civil authorities and 
commanding engineer, regulate their duties in case of fire 
during a siege. 

'' He will equally instruct the inhabitants what they have to 
do, whether it be with regard to fire, in securing their cellars, or 
in forming shelter, by constructing small blinds out of the 
remains of houses, which the shells may haye knocked down. 

** 48. Should the enemy approach within less than three 
days' march of the place before it be declared in a state of 
siege ; or should the minister, or the commander of the forces 
give the order, then the governor, invested with the necessary 
authority, must cause all useless mouths, all foreigners, and per- 
sons suspected either by the civil or military police, to quit the 
town : he must bring in, or prevent from going out, all artificers 
and materials, cattle, goods, and provisions. He must also 

As a proof also of the efficiency of good masonry casemates, it is 
stated that on the 21st of Decemher, (sixteen days after the batteries of 
attack had opened), notwithstanding the incessant discbarge of one 
hundred and thirty pieces of ordnance, not a single casemate in masonry 
had received any serious damage. — C 

* The advantage arising from planting the ramparts and open spaces 
within fortresses has been always admitted, and yet it is not always 
practised. An order was issaed in 1795 to plant the glacis of every 
French fortress with trees, for reasons which are given at length in the 
165th paragraph of St. Paul's Traits Complet.— r. 

** At the siege of San Sebastian, when attaclced by the English in 
1813, the trunk of a large poplar tree completely stopped the progress 
of the sappers, and defied all their efforts to move it, until one of 
them gallantly ^jumped from the trench, and stood exposed until 
he moved it from the head of the sap, and returned without being 
wounded.— 7*. 
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gpecies of ordnance of all calibres shonid be wdl imdentoociy ni 
order to determine in what way they shall be emplayed darii^ 
the various circumstances which arise in a siege. 

** Above all, the very oblique fire //e» d^eeharpej nrast not 
be neglected, by establishing batteries on those works which are 
collateral to the front of attack. 

** 55. When the siege is about to commence, the governor is 
to neglect no measure which may enable his fortress to make the 
longest possible defence. 

*'He will seize those avenues and positions, in advance of the 
place, which are the most capable of being defended, and from 
which the retreat is easy. 

** 56. When circumstances admit of it, he will send out parties, 
to communicate with those detached from the neighbouring 
fbrtresses, and to skirmish with the enemy ; by which means he 
will accustom his garrison to war, and to act ofiensivdy. He 
will regulate his conduct in sending out these small detachmenti 
by the imperial decree dated 24th December 1811, artide 99, 
which directs that these parties be composed of a number so smaD 
that their loss may not materially diminish the force of the 
garrison. He will not send them beyond the circle of investment, 
excepting to make a reconnoisance which may be of importance 
to the safety of the place. 

" 57. In the interior he will establish good order in every 
branch, and he will be particularly watchful that the provisions 
be distributed in a just proportion to what may be required: and 
if the fortress should not be completely provisioned, he will 
economize the subsistance, so that he may be able to make a 
resistance which shall be in proportion to his means when 
judiciously husbanded. A few days added to the term of defence 
might give time for unexpected succours to arrive, and even to 
oblige the enemy to raise the siege ; whereas on the other hand 
the place might be forced to surrender, should the governor, by 
consuming his resources too soon, had put it out of his own power 
to prolong his defence to the last extremity. 
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« CHAFIER ni. 

•* Of the state of siege, 

" Section I. 

Divided into five heads : and treating of irregular attack^ 
which may place a fortress suddenly in a state of siege. 

« First Head, 



" 58. Of surprises by the enemy ^ or by revolted inhabitants. 
The goverDor, responsible for the place confided to his care, 
ought to neglect nothing to prevent surprises, and should take 
the most minute precautions against their occurrence. The 
following measures should be adopted : to repair every part of 
the rampart by which an enemy might insinuate himself into 
the place ; putting double g^tings to the drains, or aqueducts, 
and placing sentries to watch them ; and always to have at hand 
at the point of danger, detachments which may be brought up 
rapidly. He should likewise shut up all the embrasures or 
openings that may be too low. 

** 59. If there should be no drawbridges in front of the 
gates, palisades or advanced barriers should be constructed, and 
warders posted in them, for the purpose of stopping strangers 
and examining wagons. 

" All openings caused by rivers should be shut in a similar 
manner, and all boats carefully searched. 

** Before the gates are opened, some solcBers should patrols 
to all places where an enemy cx>uld conceal himself. 

** Persons waiting at the gates for admittance should be 
examined ; loaded waggons should be forced to keep off to a 
distance, and should be probed ; the second gate should not be 
opened until the first is closed and the drawbridge raised; the 
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guard sboiild be under arms inside the gate ; waggons should be 
admitted only ooe by one, and never be suffered to halt between 
the gates; care should be takon that the portcullis be in a proper 
working state, (if one exist) and that the mode of using it be 
explained by the old guard to the new, at the time of reliefl 

** CO. Patroles should be made to prevent such assemblies 
as might be dangerous. 

** In holidays and days of rejoicing the g^rds should be 
doubled, and the country scoured by cavalry patrolee. 

** At all times detachments should patrole the neighbourhood 
in the day, and still more particularly in the night. 

*^ 61. Firing during the night is to be expressly forbidden, 
neither is any fire to be made which may be seen from the 
country, nor are fireworks allowed to be burnt. 

** 62. The sentinels arc to be kept on the alert by frequent 
rounds, and care must be taken that they are properly posted. 

*' 63. Mortars, loaded with light balls, must be ready, that 
they may be thrown on the glacis on the first indications of any 
attempt by the enemy. 

** 64. In time of frost the ice in the ditch must be broken 
every day. In such a case, when a channel has been made in 
the middle of the ice, a boat should be continually dragged up 
and down, which, by its motion, will prevent it connecting itself 
again. 

*' 65. In foggy weather the precautions should be doubled; 
the approaches to the counterscarp watched, by posting a suffi- 
cient number of sentinels and small parties in the covered way, 
80 as to jH^vent an enemy's being able to pass between two of 
them, and to enter it without being seen. 

•* 66. If the governor be watchful that the service be per- 
formed with exactness ; if to all the precautions pointed out, he 
add those which a knowledge of the fortress may suggest to him, 
particularly if he have been able to obtain exact information of 
the different movements and designs of the enemy, he wiD 
undoubtedly be secure against all surprise from the exterior. 



•^ (;T. Ii. protect himself against revolts In the interior, b« 
must establish a severe police, and study well the character of iIm 
inhabitants ; and if he has reason to fear them, tbej must ba 
disarmed : and he roast take measures of precaution in time, 
SQch as to fortify the goard-hoasca against the town, to have 
artillery ready to occopy aD the streets leading to the spots moat 
fitvourable for large assemblies, and to secure the avenues of the 
citadel or keep, in which the service must be performed in thd 
strictest manner to prevent surprises. 

** If they should come to open sedition, he must instantly 
order the whole garrison under arms ; he will re-in(brce the 
posts ; increase the patroles that they may disperse assemblies, 
and during the first moments he should principally employ 
cavalry : he will then cause the entrances to all the principal 
streets to be strongly occupied, so that, should the revolt become 
of too serious a nature, and the garrison be too weak to keep tha 
multitude in check, they will have it in their power to retire in 
good order into the citadel, from whence he will threaten %^ 
destroy the town, if the inhabitants do not return to their duty; 
but he ought previously to have made arrangements for spiking 
all the guns before he evacuates the town, in order that fhe 
seditious may not be able to use them against himselfl 

" 68. With firm conduct and great watchfulness, a governor 
has little to fear from revolt ; but if he cannot prevent it, hd 
ought to set every means to work to tranquillize it; and the 
most severe measures ought to be used towards the guilty, if after 
having employed mildness and persuasion they pmist in the 
rebellion. 

«« Section i.-— 5econd Head. 

*' 09. Of escalades. — Every thing which has been stated in 
the preceding paragraph relating to surprise applies to this, 
because, if proper precautions have been taken, it will be 
difficolt, if not impossible, for the enemy to get into the ditches 
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of the place and to plant ladden without bdng diaooTend, or 
without the garriaon havii^ timely notice of the deaigDy and 
heing in a state to defeat it. 

<*70. If the garrison should be so weak as not to be able to 
watch the exterior with all the vigilance required, the fbUowii^ 
precautions may render null any attempt of the enemy, 

** They consiBt in cutting a cunette in the ditch, and theie 
plsnting a row of palisades at some distance from the wall, ao ai 
to prevent ladders being applied to it ; in covering the ditch with 
crows* feet, and in digging pits or small ditches and covering 
them with hurdles and earth : 

" Also in placing on such portions of the parapet as the 
garrison may not be able to occupy, chevaux de frize and other 
obstacles to prevent the enemy from gaining the ramparts. 

** 71. Halberds, scythe blades attached to long handlei, 
pitchforiu, and such other arms as arc proper for repelling tiw 
enemy when he gets to the top of the ladders, should be placed 
in the guard-rooms adjoining to the ramparts, which diould be 
covered with beams to roll upon the ladders and to croah them. 

** The flanks should be provided with guns loaded with esse* 
shot. 

^ Lastly, the ditch should be illuminated by means of light 
balls,* so that the cannon of the fortress may produce a grest 
effect against the troops who shall have entered it. 

** 72. But the most essential point, and it cannot be too 
often repeated, is that the duty should be done with punctuality; 
for the enemy knowing that a garrison is watchful, will not 
attempt a hazardous expedition, the preparations for which be 
cannot conceal from a vigilant governor, and one who knows 
how to keep up useful communications with the exterior. 

*' « The simplest light balls are made by filling common iheUs,or 
grenades, with a mixture of sulphur and nitre.— r.** 
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« Section I.^Third Head. 

'' 73. Of attacks by sudden assault. Attacks by sadden 
assault, or accelerated sieges ^siege brusquisj are, properly 
speaking, a species of sui^rise against which the vigilance and 
precaution recommended in the preceding paragraphs are the 
most effectual preservatives. Nevertheless it may happen that 
the enemy, pretending to besiege the place regularly, may 
attempt to accelerate the approaches against one of the fronts of 
the fortress ; it is necessary in such a case to fall upon him 
vigorously, and to leave nothing undone to drive him from the 
works of which he may have taken possession. 

*' 74. One may suspect his intention if he does not make his 
attack on that side of the place where he ought naturally to do 
so, in order to take it in the easiest way. 

** In such case, the guard on that side ought to be doubled. 

** 75. In general it should be considered necessary to watch 
every front of the fortress. Even when it is evident, from the 
works of the enemy^ which is his point of attack^ the other sides 
must not be neglected : but it becomes more particularly so, 
when there is a point which is admitted to be accessible, that it 
is of importance to take every precaution against sudden assault, 
and to do all that is possible beforehand to render it secure, 

*^ Section /. — Fourth Head. 
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76. Of bombardments. Simple or irregular bombardment 
may be either effected by a corps of an army, which is too weak 
to invest a place, planting mortars hastily opposite to one of its 
fronts, or by bomb-ships if the place be a sea port.* The 

" ♦ The system of applying gun locks to mortars on board of bomb- 
ships has made their fire much more accurate, and that, added to the 
great improvements in the stowage and in preparing the ammunition and 
shells for action, has rendered them much more formidable and import* 
»nt than they ever were before.-^ r." 

Y 



goTenior ought in nicli oue to try and dntiojr the land balteriei 
by torties or to bom the squadron. In either caae he should 
mnltiply the number of gmis on the taon which aea the Bne of 
the enemy's fire. 

*' 77. As such an attack loaves room for intrododng nitijog a 
into the town, there can be no reason forsparing the anuMUUtioa. 

*< 7S. Nerertheless the governor should cane the a wild 
tion and provisions to be placed in caaematea, or undv 
bomb-pioof blinds; or at least to place them in the puts of te 
town the least exposed to the enemy's fire. 

*<79. He ought to establish meaaores for maintaimng 
tranquillity amongst the inhabitants, and to take every pv^ 
caution against fire. A well arranged organization renders the 
efkct of incendiary projectiles almost null ; sentinels taken tnm 
the companies of fireman ^*pompiers ei garde^/emj watch the 
fall of shells or the direction of red-hot shot; tiioae od guard, 
finmished with buckets, run to the spots where file shows ifael( 
and put it out at its coumiencement They follow the red-hat 
shot, throw water into the holes which they have made, 
hold of them with pincers and carry them away in metal 
or vessels, to the nearest reservoir of water. By following this 
system, there is no reason to fear extensive fires breaking out; 
and as the inhabitants themselves are interested in establislHag 
the strictest watch, the enemy will not succeed in destrojing 
the town, and he will have consumed his ammunition in viin. 
All examples prove that this mode of attacking places, at die 
same time that it does not destroy the fortifications, causes little 
loss to the besieged. 



Section I.— Fifth Head. 

** SO. Of Bloekades.'^lt sometimes happena that the 
enemy being unprovided with the means required for nnder- 
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taking all the works of a siege, and supposing the place to be 
badly provisioned^ he confines himself to closely blockading it, 
by seizing all the avenues, in order to prevent the arrival of 
any succour, and to force it to surrender by famine. 

** The dispositions to be made in this case are, to send 
away all useless mouths ; to cause all the means of subsistence, 
which the environs of the place may furnish, to be broughtinto the 
town ; to use the strictest economy in the distribution of pro- 
visions, and to watch the consumption of those of theinhabitants, 
that they may make them serve whilst the fortress holds out to the 
last extremity. 

** 82. If, to a blockade the enemy should join a bombard- 
ment, the precautions recommended in the preceding paragraph 
against fire, and for the security of the provisions and 
ammunition, ought to be made use of. As to the defence, in 
these two cases, it should be made in the exterior. 

*^ 83. In keeping the field as long as possible ; in disputing, 
inch by inch, all the positions proper for the establishment of 
the enemy*8 batteries; in continually harassing his working 
parties ; in destroying every thing which may afford him cover, 
the garrison will protract the period of the investment or bom- 
bardment, and consequently the capture of the place. It is for 
the governor (o judge when sorties are to be undertaken, or 
when petty war is to be carried on, that the losses he might 
sustain may not influence the fate of the place. 



'* Section II. divided into four Heads. 

" 0/ SiegeSy or Regular Attacks, 

Section II. — First Head, 

** 84. From the period of investment to the opening of the 
trenches.'"^ Lines of circumvallation^ eountervallation^ ^c^^ 
The presence of an enemy's army within three days* march of 

y2 
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a foitress, plaecs it in a state of si^ge, in Gonfonnity to die 
imperial decree of the 24th of December, 1811, article 96. 
The governor being previously informed of the profeds of the 
enemy, ought to have every thing prepared for resisting a 
regular attack as long as possible. The remainder of these 
instructions will only devclupe the general mles of defence, 
and trace the path to be followed in order to obtain the moxmsa 
of resistance, which point every governor who is sensible of the 
importance of his charge, or who wishes to prove himself 
worthy of the confidence of his sovereign, ought to reach. 

** 85. As soon as the enemy approaches to invest the plaoe^ 
the governor finishes his first preparations with all possible 
activity ; he occupies such advanced posts as may have that 
communications with the fortress secure ; he sends patroles in 
every direction to get information of the enemy's movements, 
and to find out as well as they can his foree, his projects, and 
his means of executing them. 

*' 88. Whilst the besiegers are at work on their circum- 
vallation, the governor either should not fire, or he ought to deceive 
tbein in the range of bis artillery, by firing with half charges. 
By acting thus, either the enemy may extend his line of circum- 
vallation considerably, which will make it more difficult to guard, 
or else he may bring it too near to the place, so that the cannon 
of the fortress being able to reach his camp, he will be forced 
to move it, and re-commence his line of circumvallation. 

" 89. The investment l)eing effectetl, the enemy's camp will 
be drawn on the plan of the place, according to which the 
governor, in concert with the commanding officers of artillery 
and engineers, will regulate his arrangements for the defence, in 
proportion to the enemy's progress. 

"90. If the garrison be strong, some sorties may be 
hazarded ; but it is seldom that sorties at such a distance succeed, 
unless it be in consequence of the fault of the besi^^rs in 
neglecting the ordinary precautions. They are besides very 
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fati^iog for the garrison, which it is more advantageous to 
employ, in executing the pressing works always required in a 
defence. 

*'91. At night he will send out small parties in opposite 
directions, who will creep along, taking advantage of banks or 
uneven ground, and proceed in silence as far in advance as 
possible ; then lying flat on the ground they will listen with 
attention to the smallest noise ; they will afterwards retire on the 
fortress in extended but connected order, to try to surprise officers 
who may be in advance to reconnoitre the place. These parties 
must agree on a signal that they may know each other. 

*' 92. In the first moments, the governor may employ his 
good marksmen advantageously ; he ought to arm them with wall 
pieces and place them in the most elevated situations, and he 
should mix some of them with the parties sent outside the place, 
with orders to fire on those who may be attempting to reconnoitre 
the fortress. 

** It is at night fall that these marksmen ought to watch, with 
the greatest attention; that is the period for reconnoitring, 
tracing, and pushing forward the attacks. 

Section 11. — Second Head. 

"93. From the opening the trenches to the croioning of the 
covered tray.— 'As soon as it is known in what direction the 
enemy is opening the trenches, the governor causes embrasures 
to be opened, and platforms to be laid for the guns ; double rows 
of palisades to be planted in the covered way ; useful temporary 
works of fortification to be made, such as filches at the foot of 
the salient angles of the glacis; these filches, made capable of 
resisting a coup-de-main, retard considerably (as is well known) 
the commencement of the third period of the siege, which is the 
most important : he causes mines under the glacis to be prepared 
with diligence; bridges of communication to be promptly 
established, for which timber ought to have been prepared 



beforehand and placed in atoie, and be ciwet tfie 
of tbo outworka» and of the bastions, to {Mooeed with the ftiiMlut 
actintj. If these retrenchments are not ready made» and haie 
ool refuted scarps, they should be as soUd aa earth and fteebes 
can make them, and according to plans which ahoold bewcO 
digested long before. 

''The same applies to redoubto in the salient and re-enlBiiag 
places of arms. 

**M. If there be no caponieres commmiicating between the 
place and its outworks, the goyemor should cause them to be 
made. 

*'05« When the enemy shall hsTe forced the ont-poels to 
fidl back, the goyemor ought to keep his garrison as much st 
possible behind the advanced works, and to preserre for hiouelf 
as long as he can, the attitude and energy of the offensiye. The 
garrison posted thus, is in the best possible condition for aoitifli^ 
which ought to be multiplied but with prudence. 

** They should be at one time great sorties^ at another tioM 
petty ones; sometimes false, and often real. 

^* The governor's object ought to be to torment and harass 
the enemy, and to keep him continually on the alarm, which will 
cause him to lose as many men by fatigue as by fighting. 

" Sorties have always the effect of interrupting the enemy's 
works, and of dispersing the workmen. In the confusion and 
obscurity of night it is difficult to assemble them again and to set 
them to work. 

** In real sorties there should alwa3rs be working parties to 
destroy and fill in the trenches, and some draft horses to carry 
off cannon which may be taken. 

<«06« At this period of the siege there oqght to be little 
firing, that the gunpowder may not be uselessly expended. 

" Besides, cannon fired with full charges produce little eflfect 
against the parapets, or the earth of the trenches which rolls to 
its natural slope. 

« But if any branch be exposed to ricochet and •«<;ia4fj tk 
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besieged should fire the more, and inundate those trenches with 
grenades and shells. 

*^ 07. As the works of the enemy advance, the governor 
ooght to endeavour to outflank the attacks, either by armed boats 
(in places situated on rivers or on the sea), or by pushing out 
lines of counter aj^iroach. 

<< These lines are a species of trenches which run out from the 
covered way on the right and left of the attacks, to enfilade the 
works of the enemy* They ought to be applied with circum* 
spection. Destined to outflank the enemy's trenches, they 
should neither be plunged into, nor enfilade themselves. They 
ought therefore to be adapted to the nature of the ground, in 
such a manner that their prolongation shall fiiU in hollows, 
livers, ravines, or in marshes, beyond which cannon could no 
longer act against them with eflect, and that they shall terminate, 
if possible, upon some inaccessible piece of ground, that the 
enemy may not have it in his power to cut them across by a 
boyau from his trenches, or to envelope them in an attack. 

** 98. Good marksmen may also be sent out a little before 
day-break, who should place themselves flat upon the ground on 
' the prolcmgation of the advanced branches, and who, as the day 
breaks, should retire into the covered way, after having kept up 
a deadly fire on these branches, in which they will cause great 
disorder. If there be any light artillery, some pieces of small 
calibre may also sometimes join these marksmen. 

" 99. Whilst the attack advances, the governor adds by 
eveiy possible means to the defences of the front attacked. He 
completes the retrenchments in the bastions, and the cuts in the 
outworks* 

** 100. He ought to neglect nothing which would animate 
the moral of the soldier and augment his energy. He should 
make the most of the smallest success, spread advantageous 
reports, and distribute rewards and honours ; but the governor 
should above all things, by his own example, keep up the con- 
fidence of his soldiers. 
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*' 101. WheD, in spite of the eflbrts of the besieged to vetirl 
the advance of the attack, the enemy shall have airived on the 
glads, the goremor will employ all the resources of aobter- 
raneous warfare, which may either form part of the forti fk a fio n% 
or which he may himself have contrived. 

" A well directed fire crushes the heads of saps ; the maiks^ 
men posted in the covered way retard the progress of the works ; 
small sorties upset them. 

*< At such moments the artillery of the fortress must be ready 
to fire against all who show themselves in repulsing these sorties. 

** 102. Whenever the enemy may have blown up any part 
of the trenches, the besieged should take advantage of the 
disorder of the enemy, and upset as much as they can of his 
works. From their branches, prepared beforehand, they may 
easily discover those of the enemy, and crush or 8ufiR)cate their 
miners.* 

" 1 03. If the besi^ers decide to assault the covered way, the 
salient parts, which are under the protection of the fortress sod 
its outworks, should be defended as long as possible. 

*' 104. If the enemy be most decidedly superior, the salients 
should be abandoned to him, and the re-entering places of arms ' 
firmly maintained. The enemy should be left for a while 
exposed to shells, grenades, and stones; after which the besieged 
should debouche firom the re-entering places of arms, not only of 
the fronts attacked, but from the adjacent fronts, to drive hack 
the enemy and to destroy his lodgments. 

** 105. If he decide on crowning the glacis step by step, the 
progress of his saps becomes slow and deadly : in order to drive 
the defenders from the salients, he must construct trenck 
cavaliers, the formation of which is long and perilous, or 

** • This may apply to besiegers without sufficient means of attack; 
but with proper means, and a properly organized engineer department, 
the system of attaclc in mining is decidedly superior to that of the 
defence, unless it be as far as regards those mines constructed uDdff 
the ditches and the breaches/— T.'* 
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powerful batteries whieh are difficult to erect^ ilnder the close 
fire of the place ; after which in carrying his lodgment along thd 
crest of the glacis, he must successively drive the besieged from 
each traverse : master of the branches, he has to attack the 
re-entering places of arms and their redoubts ; and it is only by 
sacrificing a number of men, and by surrounding himself with 
traverses, that he can protect himself from the reverse fire of the 
outworks, and make himself master of the covered way. 

** 106. It is during the attack and after the capture of the 
covered way that the governor ought to multiply the quantity of 
shells, grenades, and stones to be thrown into the enemy's lodg^ 
ments : these projectiles have their full efiect in a close defence, 
and disperse the enemy, who, crowded within his lodgments, 
has no means of securing himself. 

« Section II.— Third Head. 

** 107. Frnm the crowning the covered way^ until the 
as3ault, — After the capture of the covered way, the besiegers 
endeavour to establish their breaching batteries: their con- 
struction is retarded by deadly projectiles: they are counter- 
battered by very oblique batteries ^en icharpej which force 
them to the construction of reverse traverses. 

*' 108. The breach being made in the ravelin, the enemy 
commences his passage of the ditch ; he must make epaulements, 
or if the ditch be full of water, be must make a bridge of fascined 
to arrive at the work; the besieged oppose this dangerous 
operation by all the means whicbare left them ; they overthrow 
the bridge and the epaulements by their batteries, disperse the 
workmen by their stone mortars, their howitzers, and their hand 
grenades; and (if they have any) they bring forward their armed 
boats, tintil this period kept behind the tenails, to open a 
destructive fire on the passage of the ditch. 

" 109. If the nature and construction of the sluices will 
admit of it, they suddenly open them, overthrow the bridge, and 
sweep it away. 
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'' 110. If the ditches he diy, they aMemhle mrtlai faehU 
their capooieret and tenails, march lapidly oa the woiks of thi 
paaaage of the ditch, and with hooka drag down whatever it aay 
be compoaed of, hastily aettini^ fire to the fradnea or other cohi* 
boatible materials of which it may be formed. 

** 111. The governor enddavoara to dear the bieadi aa it 
is made^ in order to render it leaa practicaUe; he prepeiea to* 
gaaaes under it ; he buries shdls and boxes of cooaboatflilaa in 
it; he then forma abbatis» planta paliaadea, dieraux de ftisB^ 
and priq>are8 vigorooaly to diapate it with the besieger when ha 
ahall asmnlt it. Here the whole energy of the besieged ahoaU 
be di^layed. They have no longer to withstand the whole of 
the enemy*s artiUeiy, which most cease firing on the breach^ 
when the besiegers are ascending it, whilst their own fam 
incessantly upon the narrow defile by which the tirtsiltnl* 
arrive at it. 

*' 1 1 2. It is for the governor firmly to omvince his ganisony 
that the most dangerous operation fi>r the beoegers, and tfaal 
most likely to cause his defeat, is the assault. 

** 113. Such are the obstacles the enemy ought to sMet 
with, in possessing himself of the breach of the ravelin, which 
he may besides find defended by a cut yet to be disputed. If 
this ravelin has a redoubt, a new operation has to be commenced, 
a new breach made, a new passage of the ditch and another 
assault to be given : for a governor cannot be auppoeed to girt 
up a work without having defended it to the last extremity. 

** 114. Master of the outworks at the espence of ao nnidi 
time and blood, the enemy has immediately to re-commenes a 
new and more dangerous attack against the body of the places 
to make a passage of the ditch longer than the former, men 
bloody, and easier to be destroyed. 

" 11^ The governor must have some resolute men to 
clear the earth from the trenches; this operation retards tbt 
assault, which can only be given when they are practicable. 

** 116. With a garrison which is well diapoeed, a governor 



may undertake works of the most extensive nature during a 
siege, and even under the enemy's fire. 

^ 117. After having long disputed the passage of the ditch, 
he must stand the assault of the body of the place. 

*' He bristles the breach with the last obstacles he can coUect ; 
he improves the retrenchments in the interior: the smallest 
parapet; the houses at the foot of the rampart; even the ruins 
of these houses may be transformed into retrenchments, from 
behind which, hand grenades, small shells, and stones, may be 
hurled upon the enemy, and oblige him many times to renew 
assaults so deadly for him. 

** 118. During the whole period of the siege, and partis 
cularly towards the latter part of it, the governor will exercise 
the strictest watch to repress the murmurs of the inhabitants, 
and to prevent them from influencing the soldiers. He must 
stifle every murmur by an inflexible severity. He must never 
forget that to him is intrusted one of the bulwarks of the empire : 
one of the pointB of support for an army ; and that its surrender 
accelerated or retarded by one single day, may be of the last 
importance in the defence of the state, or for the safety of an 
army. 

** 119. He must, in consequence, be deaf to all reports 
qpread by the enemy, or which may come to him directly, or 
indirectly. Even if they would persuade him that our armies 
are beaten and France invaded, he must neither sufier his own 
courage nor that of his garrison to be shaken. This, in a few 
words, la the rule of conduct prescribed by his majesty in his 
decree of the 24th of December, 1811. 

** 120. It becomes therefore the governor's duty to make 
use of every effort to defend the place to the last extremity ; and 
it is not until he shaU have expended every resource, and when 
it shall be out of his power to repair his last retrenchments, on 
the pomt of falling, that he may consent to surrender. 
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CHAPTER XI. 

On field fortification. 

305. ''In a war of march and maiKeiiTrey if yoo would 
aToid a battle with a superior army, it is necessary to enirench 
every night, and occupy a g^ood defensire position. Those 
natural positions which are ordinarily met with, are not sufficient 
to protect an army against superior numbers without recourse 
to art. 

** Those who proscribe lines of circumvallation and all the 
assistance which the science of the engineer can aflbrd, deprive 
themselves gratuitonslyof an auxiliary, which is never injurious, 
almost always useful and often indispensable. It must be 
admitted at the same time, that the principles of field-fortification 
require improvement. This important branch of the art of war 
has made no progress since the time of the ancients. It is even 
inferior at this day to what it was two thousand years ^go. 
Engineer officers should be encouraged in bringing this branch 
of their art to perfection, and in placing it upon a level with the 
rest." Military Maxims of Napoleon, 

Napoleon acted on these sentiments whenever he had an 
opportunity and time for stengthening himself by field worics : 
for instance it is known that at the battle of Ansterlitz, where 
the contending armies were nearly equal, he rose early in the 
morning to superintend and stimulate the construction of 
retrenchments. 

In the records of the wars between Prussia and Austria, 
Frederick II. and Marshal Daun, (the respective leaders of their 
armies) invariably strengthened themselves by the construction 
of redoubts and field works ; they were greatly used by Marshal 
Saxe and by Marlborough. A few redoubts saved Peter the 
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Great, at Pultawa, and enabled him to gain a victory over his 
hitherto successful foe» Charles XII. : and at the battle of 
Borodino, (fought on the 7th. September, 1812, between one 
hundred thousand French and one hundred and forty thousand 
Russians) a few slight open field works caused the French a 
great loss, and nearly proved fatal to the further advance of 
Napoleon : and lastly, the Duke of Wellington highly esteemed 
every means of the kind that could strengthen his position, as is 
found by attending to his defensive campaigns ; the most splendid 
instance of which, was the construction of the lines of Torres 
Vedras. 

306. Sir John Jones in his war in Spain, in speaking of 
Bonaparte's preparations for the conquest of Portugal in May 
1810, at page 115 states that ^ three corps commanded by 
Marshals Ney and Junot, and general Reynier, composing an 
army of sixt}'-six thousand infantry and six thousand cavalry, 
were united for that purpose near Salamanca; and Marshal 
Massena, heretofore considered the boldest and most fortunate of 
Bonaparte's lieutenants, was sent from France to direct the 
enterprise. To give further importance to the operation, a strong 
body of the imperial guard crossed the Pyrenees, and the 
remainder was held in readiness for the same destination. 

** The army collected to oppose this threatened invasion did 
not exceed forty-eight thousand infantry and three thousand 
cavalry ; the half of it composed of young Portuguese levees, 
yet untried in a general action, of which a very unfavourable 
judgment continued to be entertained, notwithstanding the 
numerous proofs of courage they had lately evinced in various 
slight encounters. To give them steadiness and confidence, the 
troops of the two nations were now brigaded together in the 
proportion of one Portuguese to two British battalions: and 
even beyond this support, the foresight of Lord Wellington had 
provided a further auxiliary to compensate their little experience. 
Anticipating the awful crisis now arrived, and resolved not to 
commit his army in action, except under very favourable circum* 
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•tancM, he had, as &r back as the prafioos Oetober, earned a 
positioii covering Lisbon to be strongly letieodiedt with te 
intention» on the sdvanoe of the invading ftroa^ lo leim apeft 
itt and there decide the late of the PeninsoU ; nolwitlniBBding 
the magnitude of the work, no aoooont of its pffqg r ea i ever 
became pd>lic, and the invadem remained ignorant of d» 
firamidable nature of the barrier whidi had beooi raised against 
^sBy till they found the allied army arrayed on it, to slop Hmt 
farther advance.*' 

Before reaching this strong retrenched position, the FIend^ 
under Marshal Massena, captured the fortresses of Cindsd 
Rodrigo and Almeida, and presring on Lord Wellingtun softied 
a most severe check and loss at Busaco, where they loot two 
thousand killed and five or six thousand wounded, while te 
allied British and Portuguese had only two hundred killed and 
one thousand wounded. Maswna, however, turned the positioB 
of Busaco; and as he advanced. Lord Wellington retired Msnraly 
before him, till, filing his divisions, brigades, and *it»«Ti|?y«y in 
the most perfect order unto their respective poeitiooB in tlM 
prepared lines of Torres V edras, the French halted in amaaBSHOt 
at the insormountable obstacles before them. 

(At page 124) ^< Lisbon being situated at the extremity of a 
peninsula formed by the sea and the Tagus, it is apparent tiiat if 
an army be so posted as to extend across the neck of the peoin- 
snla, no enemy can penetrate to that city without a direct attack 
on the army so formed. It was on this principle that the lines 
covering Lisbon were planned by Lord Wellington. Nstme 
drew the rude outline of a strong defensive position, and sit 
rendered it perfect. A tract of country of thirty miles, 6zt«idiii| 
from the mouth of the Zizandra on the ocean, to Alhandra on the 
TagoB, was modelled into a field of battle : mountains weis 
scarped perpendiculariy, rivers dammed, and inundatioiis 
formed; all roads favourable to the enemy were destroyed; and 
others made to facilitate the communications of the defenders : 
formidable works were erected to strengthen and support the 
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weak points ; whiUt nDinerous cannon, planted on fnaecearible 
posts, commanded the different approaches to them, and gaTe an 
equality of defence to the whole position." 

Before these lines the French remained five months, wasting 
their numbers and resources ; and finding all endeavours to force 
the works to be in vain, they retired out of Portugal, closely 
followed and harassed by Lord Wellington. 

These lines were not continued and connected works ; but 
were formed of independent forts, redoubts, filches, batteries, &e. 
placed in the situations most suited to command and enfilade 
every approach, and to support each other by a cross or flanking 
fire : the first line occupied a front of twenty-nine miles, between 
the sea and the Tagns; and by means of telegraphs, information 
could be conveyed from one extremity to the other in a few 
minutes ; while the troops were disposed in masses in rear of 
the works, ready to act at any point, by shorter roads than the 
enemy could take. In aH, there were fifly miles of front to occupy ; 
one hundred and fifty forts, and six hundred pieces of aztUlery, 
to man and to work. 

Colonel Napier, in the third voL of his Peninsular War, says, 
^ the aim and scope of all the works was to bar those passes and 
to strengthen the favourable fighting positions between them, 
without impeding the movements of an army. These objects 
were attained ; and it is certain that the loss of the first line would 
not have been injurious, save in reputation, because the retreat 
was secure upon the second and stronger line, and the guns of 
the first were all of inferior calibre, mounted on common truck 
carriages, and consequently immoveable and useless to an 
enemy." 

Yet, although Um lines of Torres Yedras were thus perfect, 
and foiled the ablest leaders and the most veteran troops of 
Napoleon, it is not meant to refer to these separate field works 
as a model to be copied on all occasions : for while the oM 
school mode of covering a great front by a continued line of 
regular bastions and curtains, has been nnivenally eoDdeaned 
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hf modern engineers, there are situatioDS in which a partial 
application of continued lines may be most jndidoos. 

It IS no fixed rule, but the nature of the ground and of the 
position to be defended that should determine the qpedes of 
ffotk best calculated to be useful. 

307. The foregoing obscryafcions serve to show the value 
attached to this branch of the art by the most celebrated mod^n 
military judges, and are more than sufficient to silence the cavils 
of such writers as endeavour to undervalue the use of these aids. 

Voltaire remarks, on the successful assault made by Charles 
XII. on the Danish retrenched camp before Copenhagen, that, 
^Troops attacked in their retrenchments are usually beaten, 
because those who attack have alwa3n5 an impetuosity that those 
who defend themselves cannot have; and waiting for their 
enemies in lines, is a confession of weakness, and of an enemy's 
superiority.** There is some truth in this assertion as is shown 
fay the records of successful assaults on positions strengthened by 
field works ; but it is not the whole truth ; for militaiy history 
also fully attests the value and importance of such works, ia 
saving armies from defeat and enabling them to take the 
offensive. The same author records that it was by an unsuc- 
cessful attack on the retrenched Russian position at Pultavra, in 
July 1709, that the Swedish monarch was ruined, and lost the 
fruits of nine years* victory and of one hundred combats. 
Napoleon says that *' Even in offensive warfare in the open field, 
the great secret consists in defensive combats, and in obliging 
the enemy to attack*': an opinion greatly at variance with 
Voltaire*s; the wisdom of which has however been practically 
shown by our great leader the Duke of Wellington, as must be 
fresh in the remembrance of all military men ; for example at 
Talavera, Waterloo, &c. 

308. Even a limited practical knowledge of war opens a 
wide field for the exercise of an engineer's talent and resources in 
field fortification : but the possession of a military coup-d'ceil is 
necessary to know how to turn the theoretical stores of infoN 
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mation to the best practical uses: it requires an eye experienced 
in sketcbing and modelling ground: and, in passing oyer a 
country, to seize quickly upon all tbat it offers, of advantages or 
disadvantages, to an army destined eitber to attack or defend 
it: to know the value of villages, stone enclosures, broken 
ground; to know where to dam up rivers; to scarp heights ; to 
form abattis ; trous-de-loup, and other obstacles; to select the 
best situations for field fortfl, redoubts and emplacements for 
batteries : and to arrange all these defensive means with reference 
to the number and species of troops that have to act upon the 
different parts of the line : at the same time, the manoeuvres of 
the defenders must not be cramped or impeded; the communi- 
cations between the different parts of a defensive line must bo 
short and easy, so as rapidly to convey succour to a part 
vigorously attacked ; and provision should be made to permit 
the offensive to be easily taken whenever an opportunity offers. 

The infinite variety of ground upon which military operations 
are conducted, precludes the possibility of laying down any very 
fixed rules on this subject: the ground and circumstances must 
determine the extent and description of the works and obstacles 
to be applied in each case. 

309. It is now proposed to follow the mode of instruction 
usually pursued at military schools, and to make such remarks on 
the various details of field works as some of the features of the 
late wars, or the published opinions of our best military engineers* 
may authorize. 

310. Pfofiles to field works. — ^The principles thatregulate 
the height and thickness of parapets, (as detailed in defini- 
tion 24) must of course hold good in the construction of the like 
masses for field works exposed to a fire of heavy artillery. 

Ramparts are rarely made in field works, as in general there 
IS not time, nor does it become necessary, to construct any thing 
beyond the covering mass of parapet. 

But as field works have seldom to stand the fire of battering 
guns, their parapets need not be of the same dimensions 98 those 



iMad ill pemuntnt works : > lest <faic\— i will maSct to 
the five of light mrtiBeiy and motkotry, and their dimnaMMit 
therefore depend, in aome meaaare, iqpon the anna likely to ha 
hroaght againat tbeni. 

The Direct of the ditch being to create an obatacla to an 
eneaiy^a approach, and to obtain eaith firoai it to eonstraet the 
parapet or breaat work, its capacitj chieAjr depends on d» 
demand for the latter. The ohatacle can be increaaed ky daepan 
ing and widening ita dtoMtiaiona, hot to do ao bejrood ita dna 
limits, gives more earth than ia required; to excaTato and lo- 
more which, takes time and labour, besides the difficult of 
flanking ditches of a capacity beyond due proportiona 
(Paragraphs 28, 128, kc). 

The height of a parapet, however, in field works aearedf 
differs from that in permanent work% aa it mnat nlwaya be high 
enough to give good cover to the defenders in iti rear ; and when 
the eontoiding parties are on nearly the aame levels "jft^Kfag ion 
than seven feet can be considered as sufficient for this pmpese; 
this is illustrated in fig. 142, which represents the section of tWD 
foces A, t of a square redoubt, and the elevation of another hea, 
ef connecting them together, the crests of the parapeta faen^ 
four feet and a half above the ground line. A man without the 
work would, in the act of firing, have fats muriLet at his 
ahoulder, or at four and a half feet from the ground, as at i#, 
and a horizontal shot from him would sweep evenly along the 
line/e: while a man firing from behind a parapet, jB, would 
phmge his ^re B D into the interior of the work. 

In fig. 143, where the crest of the parapet is aix feet abore 
the level of the ground, the cover is better, but still not suffi- 
cient to neutralize the effects of an enemy firing over a parapet 
seven and a half feet high from without. In fig. 144 this is 
completely obviated by the parapet being made aeven feet and 
a half high. 

Still, if a work be intended merely to hold out agaiost a 
sudden assault, without the process of a regular attack against 
it, six feet height of parapet will, in many cases, be suflScient. 
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The dimensions laid down in fig. 145, are only suited to 
coyer an ordinary guard, and not for resistance : ^g, 146 is for 
a like purpose but will hold together for a longer time : figs. 147, 
and 148, may be used as cover to resist an attack of musketry: 
fig. 149, is suited for redoubts, bridge heads, retrenched camps, 
and lines, raised to resist sudden attacks of musketry and very 
light field artillery. 

Fig. 150 is equal to resist an ordinary attack made with nine 
poonders: fig. 151 is a much stronger profile, and, when time 
will admit of its construction, it may be applied to withstand an 
attack firom light artillery. Fig. Id2 will resist twelve pounders ; 
and fig. 153, is adequate to meet an attack from eighteen 
pounders, and of making an obstinate resistance. 

The medium dimensions of the above figures, however, are 
those most commonly in use : the first figures, 145 to 148, being 
too slight to ofier a sufficient obstacle, and the latter figures, 152 
and 153, too massive to construct with the limited time usually 
at command for such works. 

In each of these figures, except 149, the scarp or reverse 
slope of the ditch is represented as one continued line from the 
loot of the superior slope of the parapet to the bottom of the ditch, 
and this construction is assuredly more difficult for an enemy to 
overcome, than a parapet with a berm, as in fig. 149 : but this 
berm is of great use in the construction, as it g^ves a step or 
footing for the workmen ; and shoald the work have to stand for 
any time, or should the soil be loose, the berm gives it greater 
stability ; its advantages therefore are sach as to induce engineers 
in many cases, to prefer it to the continued exterior slope. 

The front or counterscarp slope of the ditch should always 
be made at as steep a slope as the earth will stand at ; to render 
it difficult for an enemy to descend ; and, as it is always desirable 
to increase this obstacle, it can be done by making a small glacis, 
as in fig. 149, which has besides the advantage of covering the 
parapet in part from the enemy's view : the height of this glacis 

Z2 
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•hoald neTer be tacb as to ioterfere with the gaoM io eoibntuie 
which must always range freely over it.* 

311. These profiles, howerer, need not be adhered to; 
the soil, in some cases, requires great slopes to be given to the 
parapets and sides of the ditches. In the lines of Torres Vedraa^ 
the profiles had generally a benn of two feet^ and the sides of 
the ditches sometimes met at an angle at the bottom, as ^. 154; 
this was a most judicious construction, as the redoubCs in these 
lines were rarely flanked, and thus any thing like a setded 
formation of troops in the ditch was prevented ; the d^endeis, 
on this occasion, were abundantly supplied with that most 
useful weapon, hand-grenades, to shower over the parapet into 
the ditch, to supply the want of a flanking defence. 

Figs. 155 to 160, are examples of profiles under the various 
circumstances therein represented ; and are given as hints, 
which it is hoped may prove useful. The dotted line a 6 in each 
of the profiles showing the original outline of the ground. 

312. In excavating and constructing a redoubt, £cc., it is of 
great importance to secure its being well drained in the interior, 
especially if the terre-pleine be sunk below the level of the 
ground, else it becomes a mere pool of water in oontinoed 
rain. 

In tracing field works, the slopes of the ground must be 
well considered, and all the arrangements for draining them 
prepared before the work is commenced upon, as by laying the 
drains in good time, much labour may be saved afterwards. 

313. Trace proper to be given to field works. This must 
depend upon the situation and importance of the woiks ; the 
number and species of the troops, and the quantity of artilleiy 

* These obserTations are illustrated by the construction of the field 
bastion in the grounds of the seminary ; the scarp is one continued slope, 
and soon required repairs { the small glacis increases the height of the 
counterscarp, and co?ers part of the parapet ; its crest being on a Una 
with the slope of the soles of the embrasures. 
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intended to occupy and defend them. It is usual to divide them 
into three classes. 

First, Works open at the gorge. 

Second, Works enclosed all round. 

Third, Lines; connected, or at intervals. 



Redans, or simple heads 
Double redans 
d'hyrondes 
Tenailled heads 
fiastioned heads 



nple heads \ 

, or queues # are the names given to 
. . . . > the various tracings of the 
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first class, or open works. 



Redoubts ^ are the names g^ven to 

Star-forts ^ works under the second 

Bastioned forts . • • \ class, or closed works. 



Lines i cr^maill^res 
Lines of redans • 
Lines of tenailles 
Lines of bastions . 
Lines at intervals 



are the names given to the 
works of the third class, 
or lines. 



314. Some of the received maxims of permanent forti- 
fication are equally necessary to be observed- in the construction 
of field works. 

1st That the works to be flanked are never to be beyond 
the range of the missiles of the works flanking them ; that is, 
never out of the effective range of musketry, or from one hundred 
and fifty to two hundred yards. 

2d. That the angles of defence should be about right angles. 

3d. That the salient angles of works should be as obtuse as 
circumstances will permit. 

4th. That, although ditches cannot always be as fully 
flanked as in permanent fortification, yet that partial flanking 
must be carried as far as possible. 
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5th. That in the coottmclioa of fidd works, teknaoB 
•honld not onlj be had to the direct and immediate obsteelea that 
the work itself presents to the enemy, and the potilive ofieets of 
its fire on the approaches to it ; but likewise the relative vahieof 
the work mast be considered, as to the support it can giva to, or 
receive from, other works* 

315. lieHans (fig. 161) are the simpleil kind of trace for 
field works; having two fiices forming a salient angle: they 
serve to cover bridge heads, causeways, avenues, &c ! and being 
quite open at the gorge, are only suited for defence when resting 
their extremities on rivers, or obstacles which prevent their being 
turned ; or else, when within the full sweeping fire of works in 
Hkeir rear ; that an enemy may be deterred from any attempt to 
assault by the gorge* Redans in firont of other works are 
generally mere cover, for an advanced post ; for example, if a 
strong redoubt occupies the commanding sumndt of a liill, its 
elevation and position usually prevent the deep hollows and 
approaches by the vallies being fully seen from its faces ; redans 
or filches may then be advantageously constructed on the lower 
knolls, or under features of the bill, to see into all the hollows, 
while the fire of the main redoubt plunges into their interior. 

To increase the strength of a large redan, its faces can be 
broken into flanks, as in fig^ 163 : this brings a portion of 
flanking fire upon the ground before the salient angk of the 
work : and if the parapet be formed as at a, fig« 161, 168, 
perpendicular to the capital, the fire from it, will bear directly 
apoti the ground before the flanked angle. 

Redans have the defect of unflanked ditches; their profile 
should therefore be like that represented in fig. 154, and the 
defenders should be provided with hand grenades to throw over 
the parapet for the defence of the ditches. 

To obtain a defence for the ditches of redans situated in fiunt 
of other works, their extremities should be directed upon some of 
the face^ \h the rear, and sloped up, A la rainpe^ (its {q fig. 174, 
cd), to receive a flanking defende. 
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Redans haTiog^ flanka are sometimea called lunettes: the 
poaition and extent of these flanks depend upon the purpose for 
which they are given, and the ground that they have to flank 
(as fig. 162). 

Two redans joined together, as in fig. 164, form the double 
redan; a shape and size that may, in some cases, be more 
convenient than the single redan; besides which, the riH 
entering &ces mutually defend or flank each other: this double 
redan gets the name of tite queue d'hjronde. The re-entering 
angle at d^ should be as near a right angle as possible ; the finont 
bbf about sixty yards ; the angles at 6, never less than 60° : and 
the flanks b dy about thirty yards. Should the ground to be 
defended require more extended works of this trace, those shown 
in figs. 165 and 166 may perhaps suit. 

TmaUled heads are traced as in tigs. 167 and 168, the fronts 
b by being from sixty to eighty yards in length ; but if the ground 
admits of, or requires, a greater extent of front, a bastioned head 
(as fig. 169) may be constructed, of dimensions suitable to the 
ground. 

316. Redoubts are works enclosed on all sides, of a square^ 
polygonal or circular figure: the latter form is rarely used, 
firom the unsuitable nature of such an outline to ground in 
general ; from the difiiculty of the construction ; and tl^e total 
impossibility of giving any flanking defence to its ditch. 

Redoubts are commonly square figures in their trace, as each 
(font can then furnish a steady strong fire perpendicular to its 
£ice, see Gg. 170 ; and provision should be made to defend the 
ground before the aogles. 

Whether the outline be square or pentagonal, every endeavQur 
should be made, in tracing a redoubt, to direct faces upon ti)e 
ground either inaccessihle or difficult for an enemy to possess ; 
not only to guard against his enfilade fire, but, if possible, to 
hinder him from approaching upon the angles, and compel bifi 
to advance upon the faeiss, from which comes the atropgest fire. 
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Thero are teTcral wtjfs of remedyiiig tiie want of fire upotf 
the ipacM before the anglet : aee fig. 171. Tbefizst is by cuttiqg 
off the Tertez of the angle bj a straight line, as a, so as lo 
obtain a fire of musketry from as many files as the banqoette 
will bold ; second, by rounding it for the same purpose as 5 ; 
third, by forming an embrasure or barbette on the capital, as c; 
ft>nrdi, constructing the piurapet en cremaill^re, as d; that is 
disposing the parapet in a succession of small salient and 
re-entering angles, alternately parallel and perpendicular to the 
capita], in order to obtain a musketry fire upon the g^nnd 
before the angle : all these modes are good when properly and 
judiciously applied. 

StiU, in square redoubts, as figs. 170 and 17 1 , the ditches 
remain unflanked, and unless the contrivances described in 
paragraph 324 be resorted to, it is advisable to ibrm them of 
the profile of fig. 154, and to furnish their defenders with an 
ample supply of hand grenades. 

317. Starforts^ represented in fig. 172, were proposed 
to remedy the defect of redoubts that have the ground before 
their angles undefended by a flanking fire : by this arrangement 
a cross fire is brought upon the ground before the angles : but 
in consequence of the great exterior slopes necessarily given to 
field profiles, the lengths of these faces are greatly diminished, 
affording but a feeble quantity of fire from each ; and for the 
ditches, the flanking defence, amounts to almost nothii^. 
Baron Jomini says, that <*8tar forts are the very worst description 
of fortification ; they cannot have flanks, and the re-entering 
angles take so much from the interior space, that it is impossible 
to place troops and artillery in them sufiicient for their defence: 
they are especially exposed to be enfiladed from one end to the 
other, which precludes the possibility of their making a long 
defence." An opinion confirmed by the practice of Sir 
Richard Fletcher and Sir John Jones, in the construction of the 
lines of Torres Vedras : where the trace of the redoubts was 
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made subservient to the shape of the ground, to the object ia 
view, and to the protecting of them, as much as possible, from 
the fire from the enemy's position. 

318. Bast toned forts. Fig. 174 shows the tracing and 
dimensions of a bastioned fort upon a square ; the principles of 
construction correspond with those detailed in the permanent 
portion of this treatise, and need not therefore be repeated ; the 
flanking defence thus obtained for the ditch is nearly perfect on 
the front a : but the ditch is sometimes made as seen on the 
front by where the portion cd \& formed in a ramp sloping 
upwards from c to (f, in order to obtain a flanking defence from 
the adjoining flank : here the flanking defence is not so good as 
on front a, nor is the obstacle of the counterscarp perfect all 
round, but provides a descent for the enemy into the ditch by 
the ramp in the case of sudden assault. 

As bastioned forts would be constructed only in cases of 
great importance, where it is wished to present every obstacle to 
an enemy, and to hinder him from getting possession of the 
ground upon which they are placed ; such works should have 
every possible labour and means expended on them, to make 
them as formidable as possible. In small works, it is impossible 
to obtain good flanking defences for the ditches, from the want 
of interior capacity ; but in great forts, which generally form the 
key of a position, the interior space lost by breaking the faces 
into flanks is more than compensated for, by obtaining a good 
defence for the ditches. The experience gained in the Peninsular 
war has fully proved that field forts or redoubts, having unflanked 
ditches, cannot stand against determined and skilful attacks. 

All the accessories to be hereafter mentioned, such as 
fougasses, abattis, trous-de-loup, fraises, palisades, &c., (para- 
graph 326) should be used to strengthen bastioned forts in the 
places considered most suitable for them. 

Forts, with demi-bastions, as in fig. 173, are objectionable, 
as the ditches ee before the faces of the demi-bastions are only 
obliquely and imperfectly defended firom the long faces ooo^ 
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h Ag. 174^ ffont u, there b a ptaege of in or twdfiofiBit 
wide left in the cnrtaiii, leodiiif to a bMge tinown aooee li» 
ditcby cofered bj a small re-enleriBg place ef arms ; and if tke 
comtersoffp can be raised three or four fset abore tho gioond 
line, it would serve to cover the exit constderahky : Ihe pasHfe 
and bridge is defended by a trsTerse U 

The entrance into all field works shonld be made in li» 
most retired and mfe parts, generallj at the re-enteri^f anglm* 
most distant from the enemj; and as narrow as tho natnroof 
the senrice will peradt. 

319. JLtmei.— -Continued lines or connected worfc% are 
sometimes resorted to, in order to endooe the front of a positioD, 
or to connect important redonbts or forts together. 

Fig. 175, shows the most simple tracbg of lines ; being 
redans connected together bj curtains of parapets ; bot as the 
ditches of these curtains are only defended bj an obliqoe fiie 
from the portions of the feces of the redans that view them, it 
is proposed to remedy this by breaking the cnrtains so ss to 
form nearly right angles with the faces of the redans : tbm 
modified, they take the name of Hoes of tenaillea, fig. 170. 

Fig. 178, a a, shows the tracing and general dimensioos of 
lines en cr^maill^re ; haTing long faceA and flanks perpendicnlar 
to them to defend their ditches : and when these bng fiuxs csn 
be directe.d towards insccesable ground upon which an enemy 
cannot establish enfilading batteries, the construction is con- 
sidered good : or as in tho case shown in fig. 178 ; where this 
tracing is applied to unite two large works together : and whore 
the long branches of the cremaill^re are directed npoQ the ssheDt 
of the great works, 6, and therefore cannot be enfiladed by an 
enemy. 

Bastioned lines, as shown in fig. 177, are tho strongeat trace 
that can be given to continued lines, when the ground admifti of 
its being done. A perfectly regular trace, as aeon in this figure, 
is only suited for level ground, but it may be applied wilii 
modifications to suit unequal ground. 
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In this constnictioiiy the ditches of the faces are prolonged 
en rampe towards the adjoining flanks, that they may receive a 
flanking fire ; for if the ditch were eonstracted as recommended 
for the bastioned fort, (fig. 174, front a) the deblai would far 
exceed the rembiai of the lines, and occupy much time in its 
excavation* 

320. Lines with intervah. Fig. 179 shows the general 
trace of lines of this kind : the salient works should never be 
beyond the range of the musketry of the re-entering works ; and 
the angles of defence between the two lines of works should be 
as near right angles as possible : the ditches of the salient works 
should be formed en rampe to receive a flanking fire from the 
re-entering line of works. 

The tracing and dimensions of the works composing these 
lines must always depend upon circumstances which are too 
numerous to be mentioned here ; such as the shape of the ground ; 
the means and power of the army thus entrenched, to take the 
offensive, Sec. Should the latter be great, lines at intervals are far 
preferable to continued lines, as the offensive movements are free 
in every direction : it was thus that Jourdan in 1794 gained the 
battle of Fleurus ; that the Russians in 1807 made so good a 
resistance in the strong position of Heilsburgfa : the works of the 
femous retrenched camp of Frederick II. before Schweidnits 
(mentioned in paragraph 170) were of this description ; as also 
were the spendid lines of Tores Vedras. 

821. In comparing the results of the defensive properties of 
continued lines, with those of lines at intervals, military hirtory 
bears testimony to the superiority of the latter. 

Sir John Jones observes that to cover an extent of country 
with continued lines, is a most injudicious and weak proceeding : 
all parts require equal guarding; for if forced at one point the 
whole is gained ; the number of men also ^t is required to man 
so great a development of parapet, as the trace of all kinds oT 
continued lines present, is so great as to cramp the means of 
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making any immediate and ibnnidable cikmm moTement : and 
tbos both defenaiye and offensive c^Mrationg aie marred bj an 
armj havingp its entire front corered by oontinned lines. 

Sir John Jones, boweyer, with bis characteiistic talent and 
judgment, remarks that ** field defences are not to be indis- 
criminately condemned or rejected because ihey are continoons 
or systematic. In order to strengthen the fri>nt of an army with 
judgment, it is necessary to consider every feature and every 
portion of the ground separately, and arrange sudi mode of 
occupation as shall best combine its particular defence with tiie 
general defence of the position. Thus, in parts unfitvourable ibr 
manoeuvring, it maybe advisalde to form a continued line of 
considerable extent, covered with every nature of obstacle, and 
having none bat the most confined outlets, on the principle that 
a range of difficult heights would be scarped, or low gnnmd 
inundated, to lessen the number of men on those points, and have 
a superabundance of force for other points fiivourable for oflfenaive 
movements. Again, since the employment of artillery in masses 
has been introduced, and that an irresistible fire, sometimes of 
hours* duration, now invariably precedes the advance of the 
columns of attack, it will frequently prove a good measure, in 
situations where natural cover cannot be found from a cannonade, 
to create it artificially between all the prominent defensive posts.* 
Thus each furlong of ground being duly considered, and the 
nature of defence best adapted to the locality being formed, the 
whole front of an army may occasionally be covered with lines 
of works, which, while they augment its defensive powers, leave 
its movements perfectly free." 

• This might be effected by means of a sanken trench, like a 
parallel at a siege, (as cd, fig. 178), made to connect a whole cb^ of 
redoubts. Such an expedient would cover infantry from the fire of guns 
without impeding their forward movement la line, and openings might 
be left for the advance of the cavalry and artillery, or they might act in 
masses on the flanks. 
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322. Bridge heads are field works generally open at the 
gorge, resting their flanks upon the banks of a river, in order to 
cover one or more bridges. 

The magnitude and figure of these works depend upon the 
importance attached to the bridges ; whether they are intended 
to serve as a temporary or a permanent passage during the 
campaign: whether the army, in retreating, is likely to be ^ 

exposed to a serious attack in passing the river, &c 

The most favourable situation for a bridge head is in the 
re-entering sinuosity of a river, as in ^g. 183 : because the work 
can then, in some cases, conceal the bridge from the enemy's 
view and make it difficult for him to enfilade it : as also that in 
such a position, the supporting batteries on the opposite side of 
the river, are most favourably situated for aiding the defence 
and passage of the river. 

As t^tes-de-pont or bridge heads, are usually constructed 
for the specific object of aiding a retiring army to pass the river 
in order, and to check an enemy pressing upon it ; the tracing 
and profile of the works must be such as to secure this double 
advantage as much as possible. 

In the trace, a sufficient number of good openings, a a, fig. 
183, should be left in the re-entering angles to permit the retiring 
divisions, with their guns, carriages, &c., to file through with 
ease ; but disposed, as seen in this figure, to flank and defend 
these passages in every direction. 

The various figures shown from figs. 161 to 169, may be used 
as bridge heads according to the importance of the passage : 
fig. 180 is a simple redan to cover a passage of small importance 
across a narrow river, supported by a musketry fire from the 
parapets^ on the opposite side. In fig. 181, the river X is 
wider ; the bridge of more importance, covered by a horn work^ 
and supported by batteries of artillery ee ; as also a battery /to 
enfilade the bridge. Their profile should always be strong, as 
the pursuing party will not fail to employ masses of artillery to 
destroy their parapets and uncover the bridge : an interior range 
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of puapetiyOraTedoablyMftftBg. 183; and o fig. 181; would 
theiefore be proper to tecore the bridge as long at poHMs: fig. 
182» ahows the diaposition of worfca t0 eom bridgea, when there 
b an laknd in the rher, and a TiUage on the aide of an enemj. 

Great ttes-de-pont, are woriui conatmcted to defend the 
bridgea which crota a rirer coyering part of the ftondera of a 
atatOy in order to preaenre the communicationa by which armiea 
maj advance into, or retreat from, an eQem7*a conntij; 

** In the campaign of 1645, Tnrenne waa attacked with his 
armj before Philipsbarg, by a very saperior force. Th^e waa 
no bridge here over the Rhine, but he took advantage of the 
ground between the river and the place to eatablidi hia camp. 
Thia ahould aerve as a lesson for engineer officera, not merriy 
in the construction of fortresses, but of t^tes-de-pont. A space 
ahould always be left between the fortress and the river wbeie 
an army may form and rally without being obliged to throw 
itaelf into the place, and thereby compromiae ita aecnrity. An 
army retiring upon Mayence before a puiauing enemy, is 
necessarily compromised ; for this reason, because it reqnires 
more than a day to pass the bridge, and becauae the lines of 
Caasel are too confined to admit an army to remain there 
without being blocked up. Two hundred toiaes ahould have 
been left between that place and the Rhine. It ia essential, 
that all t^tes-de-pont before great rivers should be constructed 
upon this principle, otherwise they will prove a very inefficient 
aasistance to protect the passage of a retreating army. Tltes- 
d^pont, as laid down in our schools, are of use only for smsU 
rivers, the passage of which is comparatively short.'* 

^' Marshal Saxe, in the campaign of 1741, having passed 
the Moldan in quest of a detached corps of fourteen thousand 
men, which was about to throw itself into Prague, left a 
thousand infantry upon that river, with orders to entrench 
themselves upon a height directly opposite the t^te^-pont Bj 
this precaution, the marshal secured his retreat, and also the 
Ikcility of re-passing the bridge without disorder, by rallying 
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bis diyisioQ between the entrenched height and tiia t^te- 
de-pont."* 

The pupil is referred to ^^An essay on the principles and 
construction of military bridges and the passage of riyers in 
military operations; by Major General Sir Howard Douglas, 
Bart C.B." for full, scientific, and most interesting information 
on this important subject 

323. The periphery of a work, and the number of men to 
defend it, should bear a just proportion to each other; for this 
purpose three running feet of parapet is required for each man to 
use his arms (reely, so that the number of yards and the number 
of men for each face, agree ; and no difficulty occurs ; for no 
deduction need be made for the space occupied by artillery, as 
the spare men arising therelrom, will form a reserve te fill up 
casualties or to meet a sudden assault at any point 

It has been customary in calculating the area of enclosed 
field works, to allow ten square feet for each man, and three 
hundred and twenty-four square feet for each gun and its stores ; 
an estimate that need be attended to, only in the case of the 
garrisons of the redoubts being always confined within the 
parapets : this is rarely necessary, for during the day their drill, 
amusement, and cooking, will be widKMit ; and, in case of attack, 
in a system of works, the general formations of the troops will 
also be without, while the redoubts have only their parapets 
lined.f 

324. From what has already been stated of the usual tract 
of field works, it is evident that their ditches are rarely defended 
by a flanking fire ; some contrivances have been proposed to 
remedy this defect 

One, is the construction of a gallery behind the counterscarp 
as ^, fig. 171, and ^, fig. 152, having loop-holes looking into 
the ditch to defend it by a reverse fire of musketry : in chalky 
soil, where galleries can be easily formed, this species of 

• From the Military Maxims of Napoleon, 
t Sir Joha Jones's Lines of Torres Vedras 



defence is most saitable^ as die reverse galleiyciii be oomiected 
to the interior of the work by a gallery of communieation, as 
A, figs. Id2 and 171 : this was the case in one of the redoubts 
on the lines of Torres Vedras : bat where the soil dees not 
fsTour this construction, the reverse gallery can be made 
without any such communication ; as was done by the Fiendi 
in the defence of the lunette Picurina, (P, fig. 20). 

Another mode of flanking a ditch is by means of a covered 
caponniere, as in figs. ISA9 185, and 186 ; formed by a double 
row of strong palisades at seven feet from each other : these 
palisades are united to each other like a stockade, and have 
loop-holes at three feet asunder: this passage is covered wiA 
strong beams, with layers of fascines, dung, and fresh hide% 
to preserve it from destruction ; this covered caponniere is con- 
nected to the interior of the work by a gallery of communication 
r, fig. 185 ; supported in the usual manner by stanchions and 
sheeting : this is laid in the original construction of the woriL. 

Lastly : when a work cannot be turned by the gorge, a 
simple caponniere of close palisades, as cc, ^g, 106, will fiumish 
cover for a party to flank the ditch. 

325. The form and dimensions of the work being deter- 
mined, and a correct plan of it made on paper, it is traced on flie 
ground by fixing a strong picket at the chief salient angle ; and, 
by means of instruments for taking angles and measurements, 
the salient and re-entering angles of the various faces are fixed, 
and staves driven in at these points : this course of pickets 
represents the crest of the parapet : lines parallel to this are 
traced, scored, and picketed, at the angles, to show the breadths 
of all parts of the banquette, parapet, and ditch, and lath profilei 
being prepared, are set up on the various faces perpendicularly 
to the length of the parapets. 

When the work is intended to receive artillery, the directions 
laid down in paragraphs 269 and 270, mast be attended to, 
while the work is going on ; as also what is there said of the 
manner of excavating and rev^ting. 
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The nature of rev^tements for field works has already been 
described from paragraphs 73 to 80, and from paragraphs 2d2 

to 261. 

326. The obstacles usuaUj added to render the approaches 
to field works, and the possession of them, more difficult to the 
^nemy, are as follows: — palisades, barriers, abattis, trous- 
de-loup, cheyaux-de-frize, harrows, and crows-feet ; the first 
ibmr of these obstacles should be formed with great attention, 
as it greatly daunts the ardour of the best assailing troops to be 
checked, and to have their formation broken, under a near 
fire of musketry, without the power of immediately closing 
with their opponents. 

Palisades. — Sir John Jones, in the first yol. of his Sieges, 
.page 471, says, ** The French plant admirable palisades in the 
ditches and rear of their works : each palisade is the rough stem 
of a young tree, or the half of a larger tree, fixed to a heavy 
beam four or five feet under ground. To cut through these 
palisades, in their usually confined situations, is the work of 
half an hour, and to force them out is impossible, so firmly are 
they planted. They are, therefore, an excellent defence when 
covered from cannon, and might be adopted by the English in 
many situations with great advantage to the service." 

Palisades are fixed in ditches in the various ways shown in 
fig. 149, abed: those inclined as a and d are called yraise^; 
the construction a, on the scarp, is not much approved of ; 
a good range of these, served, in one instance, during the 
Peninsular war, to place the scaling ladders against, and to 
give the assailants a tolerable footing before rushing over the 
parapet In a very steep scarp slope, a nmge of palisades at 
its foot, as at 6, forms a kind of rev^tement, which may be 
made very formidable when the wood is of a large rough 
scantling : that at e, is also useful, and difficult to cut down, 
should the assailants attempt to descend the counterscarp ; J, is 
likewise a difficult disposition of fraising when well inclined 

2a 
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downwards fer to eat il away reqaum tMM» wMo Ae nMailints 
an ezpoaed, in doing ao^ to the fall fin of the panpet 

When it b euqiected that the ditches have ob8ladM» tiw 
attarking party will acaredy nai^ to bring an fmBlading ^m 
into them, both iron cannon and howitaeni whan the paKaidai 
cannot M to receive nnch ii^nry: the ainngenient» eandi 
an then moat lik^ to aafier laaoL 

Banter gmies^ to dooe in the etitrmwa of field woriu, 
aboald be feiy niaaaive, and capable of reaialing any aodden 
attack ; they may be made of atroqg paKaading; awept by the 
fin of a trayene; and an alwaja on the leaat acceaaible aide. 

AhbalUt an lines of felled trees of a consideraMo siae; 
their atoms stnmgly boand together and picketted down, while 
their branchea an spraad towards Uw enemy, and inteilaosd ss 
much as possible : the saiall branches an cat away and the 
bonghs well pointed. 

Figa. 151 and 159 show the sitaation in whidi abattis are 
recommended to be placed : diat in ^. 161 coverod by an ad- 
vanced glacis, whidi hides the abattis from the view, and the 
fin of the enemy's artillery, is moch a p pro nd of. 

At page 360 of the third toL of Cokmel NapiePa Histoiy of 
the War in the Peninsula, in descrifaing dm liins ef Torres 
Vedras, it is said, ^* across a nyine on the left a loose stone 
wall, sixteen feet thick and forty feet high, waa raiaed : and 
across die valley of Amda a doable line of abattis was dnwa, 
not composed, as is usual, of the limbs of trees, but of 1^1 gfowa 
oaks and chesnuts, dug up with all their roots and btanches, 
dragged by main force for several hundred yards, and then reset 
and crossed, so that no human stnngth could break throi^ 
Breast- works, at convenient distances, to defimd this line of tfsei 
were cast up, &c«" 

Well disposed abattis make a formidable obstacle, and hvn 
always been highly esteemed and much used in ancient ssi 
modem warfan. 
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TromS'-d^hup are rows of pits in tbe (bmi of inferted cones, 
made before a work, and having^ a strong palisade or stake in 
the centre of each, as c, fig. 153: these used to be about six feet 
deep, and eight or ten feet diameter at top; but upon some 
occasions, during the Psninsolar War, bokl and active riflemefi 
crept into them, and brought a most destructive fire from these 
close covered situations upon the gunners of the defenders ; to 
prevent which, it is recommended to make their depth only two 
or three feet, to increase the number of rows, laying them out 
chequer-wise; the earth removed from these trous used to be 
spread around the mouths of the pits to increase the height 
of the sides; but, as it has just been shown that this is not 
desirable, Sir John Jones recommends an advanced glacis to be 
formed with the soil, to conceal and protect the rows of trons-de^ 
loup from cannonade. 

Chevaux^'-frize are formed by inserting iron pointed stakes 
of five or six feet long into a heavy beam of wood ; if tfte beam 
be square, tbe chevaux-de*frize will have foor projecting spears, 
as/, fig* 151 ; if hexagonal^ it will have six spears : these beams 
are from six to nine feet in length, and kn chained together in 
a line to cover the ground required. 

Chevamude-firize are troublesome and require much time to 
construct, and are greatly inferior to abattis for the defence of 
field works. 

Harrowis such as are in common use on fimm, are recom- 
mended to be spread upon the ground over which ail enemy is 
likely to pass in the attack. 

Crows-feet are f^ieces of iron with fear points^ each, four or 
five inches long, projecting in difierent directions, intended to 
be used to impede the approach of cavalry : neither these or 
harrows have been in use of late. 

827. InttTuctions for lAt defnee ofojpen towM and viUagn.* 
In defensive warfare, it is often necessary to intrench towns and 

• Issued by the French imperial minister at war in 1814, and trans- 
lated from the French by Brevet Major Reid, Royal I^«ngineers, for 
the establishment for field instruction, royal engineer department, 
Chatham.— 1828. 

2a2 
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Tillaget» either lor the purpose of leciirio^ theui fran the 
iDCunlons of mall pardee, or to serre as points of soppoit §ar 
the morements of troops. 

**Tbe lullowiog are the most simple methods of lenderiii^ 
them defemiible, and those which are most in use. 

^To admit of a town being* adrantageonsly intrenched, it is 
in g^eral necessary that it should not be commanded within a 
▼ery short distance, that the houses should not be of a ooDStinction 
to be easily set on fire, and that its extent be not out 
of proportion to the means and time at the disposal of the 
defenders. 

** The first thing to be done is to clear the approaches to the 
town, by levelling houses, hedges, shrubberies, and whatefer 
may not be of advantage to the defence or whatever may ^oor 
the assailants. Wood ought to be cut two feet from the ground 
that it may serve to impede the advance of the enemy, withont 
masking the fire of the defenders. 

^^ The next ol^ect is to form or complete the endosore romid 
the town. For this purpose, advantage is taken of buildings, 
walls, and fences, applicable to the defence. The openings 
which remain must be closed by means of palisades, stockades, 
or ditches, strengthened by abattis; figs. 187 and 188 are 
intended to give an idea of the general dispositions for this purpose. 
Figs. 189 and 190 show more in detail the systems f<^owed io 
forming these defences. All streets leading directly out of the 
town must be barricaded : these barricades ought to be suffi- 
ciently thick to resist field artillery, and high enough not to be 
easily got over : they ought to be flanked by loop-holing the 
neighbouring houses, as is shown in fig. 191. 

"They maybe constructed with palisades, or in stockade work: 
or else a frame may first be made with uprights and planks, and 
then it may be filled in with earth or dung : as in figs. 192 
and 193. 

"When pressed for time, such barricades may be formed by 
filling carts or waggons with earth or dung: the wheels are taken 
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off: and if trees be at hand, an abattis may be formed in their 
front ; as in fig. 194. 

** Sand-bags, and also bales of wool or cotton, may be used 
as in fig. 195. 

"If there be any drains or galleries under the town, they must 
be stopped by gratings or otherwise. 

*'The openings necessarily left for the purpose of sallies are 
covered by tambours of palisades, or by abattis; and such 
openings should be closed by a barrier, chevaux-de-frize, &c. 
One complete line of defence being finished all round, that which 
will most tend to strengthen it, is next to be considered. 

"Advantage must be taken of the most salient points to 
establish flanking defences, whether by loop-holing the houses, 
constructing tambours, or any other field works. 

"If there be artillery, it ought to be disposed so that it will 
fire upon the enemy in his advance, and protect those parts of 
the defences which are most liable to assault. It will generally 
be placed behind salient points of the line of defence, whether 
consisting of earthern works, tambours, or of old walls. In the 
latter, embrasures must of course be opened.* 

"It is proper to cut a ditch in front of the parts where the 
defence consists of buildings or enclosures; and if there be time 
or means, it is desirable to continue this all round, and to 
encrease the obstacles by palisades and abattis. 

" If a town be situated near a river or stream, by which any 
part of it can be covered by inundations, it should never be 
neglected: this valuable defence is shown in figs. 187 and 196. 

"When the quantity of water to be retained is inconsiderable, 
the dams may be made with fascines and stakes, as in fig. 197. 

"Fig. 178 represents a dam formed on the upper side of a 
bridge, by means of beams and fascines. 

* Flat roofed buildings are sometimes found strong enough to bear 
light artillery, whence a commanding Tlew of the country may be had ; 
mined houses with strong walls have been filled up with earth and rob- 
bish, so as to form a solid cavalier battery. 
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^U there sbooU be any oM eielfe, chwcli, or laitpe 
mbetantial building inside of the town, it mvf be eoBTerted into 
a keepy by Mocking op ueelees openii^; by eovering entnmoes 
or any unflanked portion of the wall with a tambour; by loop- 
holing the walk, and by aurrounding then, if posBsble^ by a ditch, 
with palisades and abattis. 

^ Caie should be taken to barrieade aD rt r c e ta not required 
lor the moyementa of the troops, or those by which the enesy 
might cot off the retreat of the garrison to thiskeepb 

^ In cases where the strength of the garrison will admit of an 
obstinate or protracted defence, doe advantage must be taken of 
all bnildings, situated within the line, that may be adapted to the 
purpose, by intrenching them, and comieeting them with each 
other, or with the town, by means of field works, ditches, or 
abattis. 

** FiUages are to be intrenched on prindplea similar to these 
jnst proposed hit towns. It is necessary to remark that TilHigeg 
being generally sunronnded by gardens enclosed by Hto hedges, 
these hedges may be made use of in forming the line of defe nc e* 
A small ditch may be dog in front of them, or oIm an abattb 
must be placed there as an obstacle : fig. 195 is an example of a 
village intrenched in this manner; and fig. 109 represents, on a 
larger scale, the detached works covered and connected by abattis. 

*' That the communications in the interior may be he&j all 
hedges and enclosures, which may in any way impede the move- 
ments of the defenders, must be levelled. 

** If there should only be troops sufficient to defend part of 
the village, then a part only must be intrenched, which must be 
separated from the rest of it by cuts and barricadea. 

** If there be very few troops, it may be necessary to confine 
the defence to the church or churchyard, which in all cases isij 
serve as a keep." 

328. On the attach of field worhs. If the works to be 
attacked are of a slight description, having few obstacles and an 
insufficient garrison to occupy their wh<^ devdopement, tlie 
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bold and rapid attack of superior numben* without the aid of 
artillery, will probablj be succeasfbl: the assaidting colunmt 
attacking at several points at the same tune, and always threaten- 
ing the commmucations of the defenders. But it rarely happena 
that the musket and bayonet suffice without the aid of artilltfy, 
which is necevary in order to silence the defensive batteriesy 
and to make openings in the obstacles and lines, for the 
coluoms of assault to attack in regular order. 

Usually, the artillery of tiie assailants take up their position 
within good range of the works ; some batteries opposite to, wbA 
some upon the prolongation of, the several frees, in order to 
silence the defensive artillery, to ricochet the faces, break their 
palisades and fraises, and enfilade their ditches : as howitzers 
now always form a part of fidd batteries, their fire ia a moat 
useful auxiliary in the attack of field works ; the quantity and 
calibre of the artittery to be €BBfk>yed, as well as the cover 
necessary to constnKt for the batteries and the troops, muat 
depend upon the importance of the worka attacked ; the principleB 
of the attack of permanent works being followed in esses of well 
covered and extensive woriis. 

If there be any commanding ground on which the assailanlB 
can establish batteries, and plunge their fire into the works, it 
must be seized ; and the light troops will lodge themselves 
in all the cover within range of the works; and, if necessary, 
epaulements will be formed to give them cover. 

When the fire of the artilleiy of the assailant has subdued 
the fire of the defenders ; cut opemngs through their abattisy 
stockades, and barriers; «nd,if possible, ^ifiladed their barricades 
and interior defences ; powerful columns of assault will attack by 
these various avenues; the columns are always accompanied by 
sappers or artillerymen, armed with axes, crowbars, &c. to force 
barrieis : bags of bay, fascines, sand bags, kc to fill up chasms, 
and throw into the ditches ; while companies of riflemen deploy 
along the whole outer developement, to keep down the enemy's 
fire. 
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PfeTiom to tbe signal of attack beiiig g^iTen^ the batlemi 
keep up a poweHul fire, which is continued eren dniing the 
adrance of the columns as long as it is safe to do so ; the cdomns, 
in their maichy adrance as much as possible on the capitals, or 
the parts haying no direct fire : if the works be isolated, some 
of the columns of attack will seek to turn them by the rear, 
and gain possession of the roads by wfadch the defenders must 
retire. 

Some pieces of artiOeiy should follow the columns of attack 
in order to assist in destroying interior barricades, &c. ; to feroe 
which by the bayonet, is always a destructive, and generaUy a 
fruitless, operation, especially when the neighbouring houses are 
possessed and loop-holed by the defenders ; and when there is 
no means of turning the barricade. 

To force a barricade in a street, it is recommended to throw 
up rough cover for Che gunners, and to bring up a piece of 
artillery to play upon it, while the infentry break into the 
houses on each side, and force through the party waDs of the 
bouses, getting possession of each in succession, and thus 
turning the barricade : a few loaded muskets applied to the 
locks and bolts of the strongest door will force it open : when 
the superior numbers and means of the assailants should prevail 
in getting possession of the bouses. 

In the attack of lines at intervals or unconnected redoubts, 
it would probably accelerate their fall, to make vertical fire 
from howitzers, and if possible from mortars, enter greatly into 
the means of attack, since it cannot be supposed that there is 
any thing beyond the slightest splinter proof cover, if there be 
even that, in such works ; and their small interior capacity 
would be very favourable to the destructive effects of vertical 

fire. 

In the attack of all field works, howitzer shells, and 
spherical case, will be most effective aids to direct fire; indeed, 
in some cases, vertical fire should form the very basis of the 
attack. 
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CHAPTER XII. 

Of foriifieatum upon irregular ground. 
Of defilement. 

320. Two causes produce an alteration in those regular 
forms of fortification that have hitherto been detailed. 

Ist. The irregularity of the ground upon which the works 
arc constructed. 

2d. The influence of heights within the range of artillery. 

330. With respect to the first ; the infinite variety of sites 
upon which it may become necessary to construct fortresses, 
renders it quite impossible to fix such precise principles as have 
already been laid down in speaking of the construction of a 
fortress on a horizontal site. 

Nevertheless, some general principles have been recom- 
mended : such as occupying the crests of hills with important 
works, having therev^tements covered by a glacis ; yet so arranged 
amongst themselves that the face of the hills and all the 
approaches, may be seen and flanked ; to do which, advanced 
redoubts, lunettes, and fl^ches, generally become necessary on 
the under features of the hills, from which the faces and slopes 
of the bills can always be better seen than from the highest parts. 

The salients (which ought to be few in number) should, if 
possible, be upon ground before which an enemy will have 
difficulty in constructing his trenches, either from the soil being 
marshy, rocky, sandy, or difficult to work in. 

If necessary, one bastion may be made larger than another; 
a curtain may be broken into faces ; ravelins may bo suppressed, 
enlarged, or diminished ; a flank may be lengthened or shortened; 
fronts may have their ordinary dimensions increased or lessened ; 
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and when the riae of the height it mry npid, it ntteily pie- 
chides the fiMrmation and use of batteriee i rioochel; besides 
whicb» their glacis, terminating in a very sharp angle al its 
cxest, occasions an enormous labour to the besiegers to ftmn a 
sufficient base on which to place their breaching batteriea. Such 
are the glacis of St. Salvador at Corfu ; and of Fort La Lippe 
atElvas. 

*< It should, however, be mentioned, as some counterbalance 
to these advantages, that a height of one continuous and rapid 
ascent gives a facility to a besieger for pushing forward lus 
approaches, because, on an inclined plane, less height of parapet 
gives cover in the sap, than when formed on a horizontal base : 
and the guns of works on the steep heights can seldom be 
depressed to fire directly on the trenches; and the progress of 
the sap can only be opposed by musketry, or vertical discharges. 

**To carry approaches from a height against a work sitoatsd 
on a parallel height, having a valley between tfiem, is attended 
with considerable difficulties; for, if the side of the hill to be 
descended be very steep, no practicaUe depth of trench or height 
of parapet will give cover to the troops, unless each return of 
the approaches be directed very much clear of the salients of 
the works under attack, which increases considerably the length 
of each return, and consequently the labour of forming it ; and 
even ai^er this additional labour, the ordnance next the salients 
of the besieged place, which take the approaches en ^harpe, 
have a murderous effect. 

** It is apparent that as the approaches nearly reach the 
bottom of the valley these evils increase, and that all the ad- 
vantages of defence to be drawn from height of situation, 
operate against the besiegers' trenches in a ratio according to 
the steepness of the descent, and the relative height of the 
sides of the valley ; therefore any plan of operations, which 
necessitates carrying the approaches across a valley for the 
attack of a work on the opposite side, should, if possible, be 
avoided*' : for example, in fig. 202, plate 13, instead of descend- 
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ing the hill on the line, Q RO9 directly in &ce of the fire of 
the place, it would be preferable to issne from a ravine, as seen 
by the trenches, a, by c, cZ, e,/, where the prolongations of the 
trenches fall without the works attacked ; and being also upon 
level ground, they are not subject to the labour and inconvenient 
construction just pointed out. 

^* From these various counterbalancing properties, resulting 
firom height of situation, it may be concluded that a fortress is 
not to be pronounced of great strength from the circumstance of 
elevated situation alone; for, even to form a moderately just 
opinion of its strength, it must be ascertained that its walls are 
all covered from distant batteries, that its interior be casemated, 
that the face of the height be under fire of the ramparts, or if 
precipitous, that it be flanked on every point. If such, however, 
be found to be the case, height of situation must be considered 
to add greatly to the defensive powers of a place, and demands 
our respect." 

The foregoing able remarks, on the true value of commanding 
ground, show how carefully the defensive works should be traced, 
to ensure all the advantages of their situation ; and while the 
usual principles are kept in view, of good flanking defences for 
the ditches ; the works being mutually within the range of 
musketry ; the various works keeping their proper and suitable 
command over each other ; the communications being safe and 
easy, &c. : yet the whole should yield its usual regular form to 
the localities of the ground. Hence it is manifest, that under the 
great variety of g^und to be met with, no further general rules 
can be given. 

Defilement, 

332. The second cause for a change in the regular forms of 
the works of a fortress, especially in the relief, is the influence of 
heights, upon which an enemy might establish himself within 
the range of artillery ; and from which he could enfilade and 
take in reverse the works exposed to his view below. 
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Now ^ works can, in tome cases, be so anaoged 
Dsattalize ^ decided adrantage that an sncaij woeld 
fron tndi a position ; and this arrangenient is called d^leneot. 

883. There are circanstance% howeTer, in which so 
arraageflMmt of the works can screen or deilade dMsn ikem 
heights: the first case is, when the groad to be fortified is 
CBchrded bj heights, fton which the nuseilant coomands eterj 
pait of the interior: andUwaecond is, when biDs are iiigh» on 
more tlian two sides, and within a thoiHand yards^^ 

334. Defilement, therefore, refers to the airangenient of 
works which neutralize the adrantages of moderate heiglits on 
one or two sides, when tboee heights are within the efiedive 
imnge of cannon, 

386. In order that the adrantages of height of sitnation msj 
be nnderstood, let fig. 200 represent the section of a sqoaie 
ledonbt, haying two ef its faces, S and A, parallel to the range 
of hills c ; and the other two &ces (when prolonged) feHk^ on 
the hills, whidi are aapposed to be within the efibctiye rai^ of 
cannon : then a batterj estabtished on the hiU, as at e, can take 
the defenders of the rear feoe R in reverse, and enfilade the 
whole length of the side faces (one of which is seen in eleTSticm 
in fig. 200, gf to hi); hence the defenders inimediately in rear 
of the parapet of the front face 5, parallel to the hilfas, are alone 
screened ; the rev^tenient, likewise, of this face is seen suich 
lower down than it would be on a plain (as is indicated by the 
line of fire ca). Now, let it be supposed, in fig. 201, that the 
height 6c is equal to 6 c in fig. 200; and that the dimenstoni ef 
the redoubt in fig. 201 agree with those io fig. 200 ; but that the 
shape of the two ranges of bills difibrs, as seen in the figures ; the 

* Although the point blank range of a 24-poaDder is even under six 
hundred yards, yet it can batter with tolerable effect from eight hvodred 
to one thousand yards ; and a battery of iron 24-pounders, placed on 
commanding ground, at the Siege of St. Sebastian in 1818, had consider- 
able effect at a distance of one thousand five hundred yards, in taking 
the works of one front in ^fiarpe.— Sir Joha Jones's 9!eges, vol. I. 
page 461. 
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one terminatini^ abraptlj in the plane, as in fig, 200; and tiM 
other heing a long featured gentle slope, as in fig. 201 ; in the 
latter case, a simple inspection of the figure shows that the 
redoubt does not laboor onder any of the disadvantages of the 
former, and is precisdy under the same drcomBtanceSy (as &r as 
the hiH e is concerned), as if the whole were on a lerel plain : 
this arises firom the plane of site omc passing through the crest 
of the hill : and in fig. 200, the same result would be obtained, 
if thepkne of site were made to agree with the line dige^ 
instead of being as it is on the line dab* 

Hence the principle of defilement is deducible, which is, to 
cause the plane of site to pass through the summit of the 
adjoimng hiUs : thus in fig. 200, the terze-pleine of the interior 
must be raised to agree with a plane several feet higher than, 
and parallel to, t ^ ; and the tenre-pldne of the covered-way be 
raised firom p to r.* 

Now the chief objection to this arrangement is the great 
quantity of soil and labovr, as well as time, necessary to form this 
remMai : all of which increase in an immense ratio with the 
proximity and height of the neighbouring hiHs. 

If, in order to lessen this great remblai, in ^. 200, it were 
attempted to seek a plane of site parallel to, and lower than, c J, 
then the flank and rear fiices of the redoubt (but especially the 
latter) would not have the necessary command over the ground 
OB which they look : therefore the new plane of site should pass 
through the summit o( the heights and the terre->pleine of the 
most distant works ftom them, that these works may preserve 
their proper command over the eountry before Aens. 

386* It is to be remarked, however, that if even a fortress were 
defiladed on the principle of its plane of site thus passing through 
the summits of the he^ts on one or more sides, this arrange- 
msDt gives an advantage to an assailant who might form his 

• For ftgs. 200 and 201, the compiler is indebted to Colonel Paslcy's 
Elementary Fortification. 
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atttack agtintt the fiontt fiothett from the Inllt ; as in appioach* 
hkg from the plain the defiladed woika all alope d o w n w ai d a 
towards it, tliey woald be subject to precisely the aame 
disadrantages, as if they were commanded by heights. For 
instance, as in fig. 201 » if the ground on the side N were 
horizontal, and an enemy approached by it, all the doping works 
of the redoubt (such 9a Ik) are fully exposed to his new, and 
liable to be enfiladed and taken in reTorse. Hence diis mode 
of defilading is suited only for a place susceptible of attack on 
the fronts fiu;ing the hills towards the summits of which the 
works slope : such as a fortress situated on the sea coast, or 
having marshy or inaccessible ground on its flanks and rear. 

337. Again, supposing that the works constructed on the 
inclined plane, as in fig. 201, answered the required purpose of 
shielding them from the paralld range of hills in front ; this 
would be of no avail if the features of the range projected to the 
right or left, and conunanded the interior of the works : thus in 
^. 202, plate 13, the defilading of the works to neutralize the 
efiects of the hilb /?, would not serve to screen them from the 
efiects of an enemy's establishment on the heights JE, 

It would then become necessary to find a general sloping 
plane of site that would pass through the summits R and £ and 
the terre-pleines of the works farthest from them ; a proceeding 
that, in most cases, would tend greatly to increase the remblai, 
and consequently the labour, expense, and time of constmetion : 
and allowing that this could be effected when the hills are oo 
two sides and of a moderate height, yet it is an arrangement 
that must stop there; for it could not be extended to works (m a 
piece of ground having hills on more than two oontiguous 
sides. 

(^8. Now, suppose that it were required to defilade the 
fortress, ^, fig. 202, plate 13, situated near the sea from a range 
of hills R parallel to the coast, and rising to a height of eighty 
feet at about a thousand yards from the enceinte on that side: 
(the hills M are not supposed to exist in this hypothesis). 
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By considering the figure it can be seen that the rayelina B 
and C and the covered-^way before them, together with great 
portions of the covered-way before the bastions /, H, G, F, aie 
all shielded from the effects of reverse fire from the hills R by 
the general mass of the ramparts of the body of the place (/, Kf 
f/y Ly G, MfF,)j which rises between these outworks and the 
hills: it would therefore suffice to give to the glacis and ravelins 
on these fronts next to the level country and to the sea, such a 
profile as would ensure their acting efficiently on the ground 
before them, and in support of each other; without reference at 
all to the heights R from which they cannot be seen. 

But in order to defilade the whote of the enceinte and those 
outworks that are seen from the hills, their terre-pleines pro- 
duced should cut the summit Ry and their planes of defilement 
must respectively pass above Ihem at the number of feet necessary 
to secure a proper command over the neighbouring country, as 
well as a mutual support amongst themselves. 

To illustrate this in a general way, let fig. 203 represent a 
section taken on the line LZ Rof fig. 202, (plate 13) ; it is here 
supposed that part of the body of the place HLG^ next to the 
sea, is merely enclosed with a good parapet having a rev^ted 
scarp and counterscarp; hence the point L at the foot of the 
parapet is on the natural level of the ground : let a line be drawn 
as in fig. 203, from Lio Rio represent the general plane of site 
for the enceinte with which the terre-pleine Z in the plan and 
profile roust agree. 

Now, under the supposition that the hill R is at one thousand 
yards from the terre-pleine Z, and at one thousand four hundred 
and fifty yards from L ; then in fig. 203, there are two iimilar 
triangles LS R and LPZ^ of which we have LS^ S R^ and 
L P given to find PZ: that is, 

LS: SR: : LP: PZ; 
or 4360-.ft. : SO-f^. ; : 1350-ft : 24-8-ft. 

The terre-pleine of the enceinte at Z roust therefore be 24*8 

2b 
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ftei abore the leTd LP, in order that the general aite of the 
terre-pleine of the body of the place Z L maj, when produced, 
cat the summit R : this will exceed the usual pro61e on level 
ground by about 10 feet. 

We haye here a height of 80 feet S /?, fig. 203, on a distance 
of 1450 yards L S ; that is, a depression of about *66 of an indi 
to every yard in length : consequently such poitions of the 
enceinte as are nearer to the hills than Z 7*, must slope up 
towards R in this proportion ; and sach as are nearer the sea 
than L X must be still lower than L in the same proportion ; 
although the latter arrangement need not be carried into efl^t 
as the bastion H and G are so far remoyed from the enemy's 
batteries at R ; and could readily be covered by jMire-ii-cIof or 
traverses. 

It is proved, therefore, that the terre-pleine at Z should be 
24*8 above the level of the ground ; let a plane of defilement 
pass above this at 7*5 feet which will fix the crest of the parapet 
at 32*3 feet above P. 

As the ground between JR and the glacis O is flat, and as the 
terre-pleine of the covered-way at O must necessarily be seyeral 
feet above the natural level of the ground, the enceinte and 
ravelin should have a good command over the covered-way and 
country : the following would be about the relief of the works on 
the section seen in fig. 203. 

Crest of the enceinte above the level of the ground 32*3 feet 
Ditto of ravelin ditto . . 24 

Ditto of glacis ditto . . .16 

Terre-pleine of the enceinte above the level of 

the ground 24*8 

Ditto of the ravelin 16*5 

Ditto of the covered -way • • . . 8 
In order to cover the rev^tements from any injury from 
batteries on JR, it would be necessary to make the exterior slopes 
of the parapets of the body of the place and of the ravelin, 
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longer than usual :* therefore to procure a proper height of 
rev^tementy the depth of the ditches on the line L S would be 
nearly as follows. 

Depth of the main-ditch below the level of the 
ground, allowing 18 feet for the exterior slope of the 
parapet, and a height of scarp rev^tementofdO feet. 15*9 feet. 

Depth of the ditch of the rayelin below the level 
of the ground, allowing VI feet for the exterior slope 
of the parapet, and a height of scarp rev^tement 
of 24 feet .12 feet. 

And if the terre-pleine of the covered- way be sloped away 
three feet to the rear in its whole width, there would remain a 
counterscarp rev^tement of seventeen feet. 

From this it is evident that the soil excavated from the ditches 
could not furnish the masses required for the remblai, the pro- 
cunng of which, elsewhere, would gready increase the expense. 

3d9. One imperfect section is here given (fig. 203) to con- 
vey a partial idea of the subject; but a view of sections, however 
numerous, would be unfit to exemplify the arrangement of 
defilading ; as their dimensions would change at every foot of 
ground : hence the usual mode of showing the properties of a 
fortress by a plan and profile would fail to convey just ideas of 
defiladed works ; and to elucidate their varying dimensions, it 
has been recommended to survey, with great accuracy, the spot 
to be fortified, and all the surrounding country, to a distance of 
1,500 yards; to fix a horizontal plane for a level, and to mark, 
with great care, every deviation from it in the irregularity of the 
ground. This horizontal plane, most of the French engineers 

* The disadvantages of a faosse-braie have been already pointed out, 
paragraphs 196 and 187; but if any thing could sanetion such a con- 
struction, it would be in the case of a commanded work, when such an 
arrangement would tend to hide the scarp rev^tements from the enemy's 
view on the heights, not only by the unusual length of the exterior slope 
of the inner parapet, but by the upper rev^tement being covered by the 
mass of the parapet of the fansse-braie. 

2b2 
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cause to pass at a certain distance aboTe tke kigheat i^ronnd ; 
consequently in plotting the oneven siaiiaMM of tbe coontiy on 
paper according to the number of feet below this plane of ooai- 
partfon» the highest ground bears tbe lowest nnnberSy and the 
lowest ground is marked by tbe bigheat numberSy aa in a naval 
chart : but Colonel Pasley reconmends (as wdl as Boaamard) 
that this guiding plane should be lower than any ground to be 
included in the limits of the intended works; for instance, when 
near tbe sea, low water mark to be the plane of compa ri son. 
Then tbe numbers plotted upon the plan would correspond with 
tbe actual elevation and depressions of the ground. 

When correctly performed, this plan of comparison or 
modelling plan, gives a thorough knowledge of tbe ground at a 
glance, and is quite necessary to aid in the arrangement, cal- 
culation, and the execution of the works. 

When completed with all the details filled in, let lines be 
drawn on the several fronts, perpendicular to the crests of the 
respective works, bearing on each slope, ditch, &cc., ks elevation 
above, or depression below, the plane of compariaon, in feet 
and inches ; and they will serve as so many illustrative sections. 

340. By examining fig. 202, it is clear that if there were 
any natural rise of ground, running from I to F, sufficient to 
hide all between it and the sea from the view of bills JR, there 
would be no necessity to attend to defilading the works thus pro- 
tected : and the general sloping of tbe works towards the bills 
need only commence from the spots where the rise is of no 
more avail in sheltering them : and in such a case, if tbe fortress 
had a level plain of ground on the side where tbe sea is supposed 
to be in these figs. 202 and 203, /" YJy all the works betwe^ tbe 
supposed rise from I to F and this plain could have tbe usual 
profile given them in order to meet any attack formed on that 
side : and in defilading the works on the hill side of tbe rise, 
no evil could follow ; on the supposition that the rise from / to 
F would act as a great pare^O'dos and traverse against any attack 
conducted on the side of the plain. 
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But as such a natural rise of ground rarely exists, it has been 
found that the masses of buildings which usually fill up the 
interior of fortresses have been sufficient traverses and parados : 
yet this is a i^)ecies of protection that should be very scrupulously 
taken into account, by any scientific man charged with the 
original arrangements of defilading a place firom heights. 

Much may be done, however, by cavaliers and traverses, 
judiciously combined with defilading : for example, if cavaliers 
were placed in the bastions / and F as indicated by the dotted 
lines FF, figs. 202 and 203, they would greatly serve as screens 
from the hills, to the works beyond them : indeed, if it be 
necessary to render the fronts fartliest from the hills, capable of 
sustaining an attack, cavaliers and traverses must be formed to 
serve as parados to each half of the fortress. 

341. By referring to figs. 202 and 203, it may be seen that 
J? is an under feature running out from a still higher hill Q ; but 
the works are defiladed from i?, because Q is supposed to be at 
such a distance that artillery placed upon it could act but feebly, 
if at all, against the place: hence the process of defilading is not 
with reference to the highest ground within the extreme range of 
artillery, but with respect to the ground nearest to the place from 
which artillery could plunge its fire into, and act most fully 
against, the works. It is true that the defenders must submit to 
the inconvenience of being seen from Q ; but this is not a matter 
of sufficient moment to authorize the expenditure of means and 
time in defilading the interim of the works from the height : 
a little height, therefore, near to the works, is more to be feared 
than a great height beyond the range of artillery. 

342. From what has been here briefly set forth, and from 
the intricacies and expense that the execution of defilading 
manifestly involves ; it follows, that in proportion as the hills 
surround and near the place, these difficulties become greater and 
greater, till at length, defilement becomes impracticable, and 
parados, traverses, retrenchments, and casemated batteries on 
the commanded fronts, can alone compensate for such disad- 
vantages. 
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843. From the great elenttion of the works, as showti mt 
the section L Z« fig. 203, fadlitj ia thus gi^en for advatitageoasly 
constructing advanced works between die foot of the h31 R, and 
the glacis of the place ; which would there be folly snbniitted to 
the command of the soperior w cries in their lear, withoat 
masking the efiect of their fire. 

344. In tracing the works that hare to be defiladJed, great 
care should be taken that as few as possible of the prolongationB 
of the feces should fall upon the commanding ground, firom which 
the assailant could enfilade and ricochet them; thus, in 
fig. 202, the right foce of the bastion E, and the left face of the 
bastion D, could be easily enfiladed from the heights on which 
their pfolongations fall ; whereas, the faces of all the other worlu 
have their prolongations clear of the hill ; and the defiladed 
defensive masses being generally higher and more solid than 
common profiles, the artillery of the attack would have more 
difficulty in bringing their enfilade and ricochet battles ints 
full play, from the low ground. 

345. By examining figs. 202 and 203, it will be observed 
that in proportion as Z is distant from L, and nearer to the bill, 
the height P Z will increase, and with it the general remUai, 
the difficulties, and the expense of the construction : and vice 
versa — that is, as the distance between Z and L is lessened, and 
the works removed from the hill, the height PZ will decrease^ 
and the construction become more simple and less laborious. 

Now, if the purpose for which the fortress A is constructed^ 
can be equally answered by lessening the distance from Z Xo L% 
and making it more oblong, by occupying ground in the 
directions F and J, it would certainly be a preferable arrange- 
ment, as it would decrease the general remblai. Sec ; as has just 
been show^. 

Hence, a position having little depth (such as works situated 
on the edge of the sea, or on the banks of a defensible river) 
would not be so difficult to defilade from moderate commanding 
hills running parallel to it, as an equal quantity of ground under 
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a like disadvantage of command, but occupying more depth, and 
thus approaching nearer to the hills. 

The example supposed in figs. 202 and 203 is one which 
would be rarely applied in practice ; it is introduced merely to 
illustrate the subject. For in most cases it would be desirable to 
erect a low rampart on the front L, so that the plane of site L R 
would appear as the line edin fig. 200 ; an arrangement which 
would of course augment the general dimensions of the whole ; 
unless by parados, traverses, and other means, the fronts between 
F and I and the sea were covered ; and the defilading com- 
menced from the centre of tlie fortress towards the hills, which 
would probably be the least expensive and most efficient pro- 
ceeding. 

346. In conclusion, the following passage is added from a 
note by Sir John Jones at the end of his first volume of the 
Sieges in Spain. 

** But if the hills are of a great height and near the place, 
the mischief arising from their command cannot be obviated by 
defilement, and even in many cases where it is possible to effect 
the defilement, the great labour and expense of so doing, put it 
out of the question. Under such circumstances, the best 
resources are casemates and countermines; or to occupy the 
summits of the commanding hills by works of sufficient strength 
to restore the equilibrium of defence; such for instance as Fort 
Montjuic at Barcelona, Gonzaga and Castelacio at Messina, and' 
La Lippe at Elvas, which even render the side commanded the 
strongest of the place, and such will be the work constructing at 
this moment (1827) on Mount Feron at Ath.* 

** * This latter remedy for command costs the engineer scr little 
trouble to plan, and is so generally approved, that a redoubt placed on 
the summit of any commanding height is a becoming sort of panacea to 
nentralize the effects of command. It should, however, never be resorted 
to except where the heights are close to the fortress, say within 600 
yards, or that the resources of the engineers* art prove unequal to obtain 
an equilibrium of defence, by a superiority of construction of the fronts 
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''There remains a disadvantage still to be nieiitioiie<}, 
accruing to a place from being commanded, which is, that a 
beneger*8 first batteries, placed on the height which oommaiids 
it, may remaiii open to the last moment of the attadL wKkout 
incommodiDg his near approaches : bat when the height ftdb 
nipidlj in one continued plane to the glacia of the pboe, tlris 
advantage is ranch counterbalanced by the difficulty mentioiied 
in the foimer note, of carrying approaches down li^ ; and 
should the &11 of the ground be gradual, it wifl frequently 
happen that the fire of the batteries on the height wifl prove 
almost as annoying to those m the advanced part of the trenches, 
as to the defenders of the place. 

** Works placed on very elevated situations, on the summit 
of steep hills, give them an imposing appearance : but is in 
reality a defect highly prejudicial to their efficiency and defence, 
fer the fire of their artillery on the object to be guarded becomes 
so plunging as" to lose half its powers : the musketry cannot be 
made to scour the face of the hill sufficiently; and during die 
night bodi arms become of most uncertain eflfect ; and in order 

'of the enceinte commanded by the height: foradTsneed works cost 
Store hi their eonstraction, and add more to the ordnance stores and men 
reqnired for the defence of a fortress in proportion, than a similar 
degree of strength gained for a place by additions to the enceinte, for 
they mast be most complete in every defensive detail ; and unlets their 
communications be extremely well secured, they must, when near the 
theatre of operations, be kept fully manned to secure them from being 
surprised, and be furnished with a full proportion of everything necessary 
for their own defence, and when vigorously attacked, they are seldom 
capable, from want of space, of making a protracted resistance. 

** Who has not observed, whilst examining fortresses in hilly 
countries, (Genoa fo.r. instance) that advanced fort after advanced fort, 
thrown up to occupy hill after hill, and requiring an army for their occu« 
pation, might have been dispensed with, and the place increased in 
strength, if one half the labour, thus scattered over miles of country, had 
been judiciously confined to strengthening and securing the commanded 
fronts.*' 
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to command the fare of hills, filches or small redoabt:^ must be 
established in front of the main work on the projecting knolls 
that afford the best flanking points. This arrangement, however, 
does not answer so well as the main works being placed on a 
height of more moderate and regular ascent, which shows that 
▼eiy elevated situations are seldom to b^ preferred."* 

347. Defilement for field works. In field fortification, the 
limits of defilement are regulated by the range of field artillery 
and musketry : for the former, the horizontal distance is eight 
hundred yards, the vertical one, four feet; being nearly the 
height of the axis of a field piece ; for the latter, the horizontal 
limit is three hundred yards, and vertically eight feet ; for eight 
feet is considered the extreme height of the crest of a parapet, 
over which the assailants fire. 

In an enclosed work, the interior space is limited by the 
projection of the crests. Open works are generally defiladed to 
a distance of twenty yards in rear of their gorges, and the 
curtains of redan or bastioned lines to the same distance in rear 
of their crests. 

In no case should the interior slopes of the parapets be 
discoverable firom without; whence arises the necessity of 
traverses to protect the defenders from enfilade, slant, or reverse 
fire; when intended for the latter purpose they are called 
parados. 

348. Practical methods of defilading field works. 

To defilade from artillery. 

The plane of defilement, A C, fig. 204, should pass lour feet 
above the height H, and eight feet above the point B, taken 
near the gorge of the work to be defiladed. The plane D H, 
parallel to the plane of defilement, and (angent to the point of 

* 8Sr John Jones's lints of Torres Tedris. 
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eonunand H, may be oontidered as the plane of site. This plaae 
cata the wer^aljSB in the point Df four leet abo^e the level of 
the ground ; to applj this in practicOf for example, to a lonette : 

After haying planted polea at the angles of the lunette, 
Bg, 200, and stretched a cord m n foor feet above the projecticMi 
of the goige, hold a straight edge a b between two pickets driven 
a few yards in rear of ^e work, and devate and depress the 
edge aft, till it and mn are both in a plane tangential to the 
height H. 

■ If, then, the eye of the observer be placed at any point in 
the line a6, the visual ray E H, drawn on that plane throogfa the 
pole at the salient angle of the lunette, will show the height of 
the plane of site at the point C« In a similar manner, the point 
D at the angle of the shoulder, or any other pdnt required, may 
be found* To each of the heights so obtained add four feet and 
saw off the poles at that height : their summits will then show 
the relief of the work required. 

If this relief should, however, exceed the maximnm height of 
twelve feet allowed for fidd works, it can be reduced by lowering 
the line m n a foot and a half, which will still leave a relief of 
six feet and a half at the gorge. If thb should not be sufficient, 
recourse must be had to traverses. 

349. To defilade from musketry. When the points of 
command are within the range of musketry, or three hundred 
yards, of the works, the plane of site must pass through the foot 
B of the pole, fig. 205, placed at the gorge of the work, for the 
height CH, (that of a man firing over a breastwork) from which 
it is necessary to be defiladed, is equal to that AB at the gorge, 
that is eight feet. 

There would be difficulty for the observer to fix the plane 
B H, fig. 205 ; but if B D be made equal to one foot and a half, 
the eye of the observer can then ascertain the direction of the 
plane : to determine the plane of defilement, complete the height 
at the gorge to eight feet, and set off from seven to seven feet and 
a half on the pole planted at the salient, above the plane Dff> 
which wiU defilade the works sufficiently. 



379 

With the aid of a plain table, the plane of site can be 
accurately and rapidly determined. Suppose the upper surface 
to be directed to the points of command, the intersections of that 
surface prolonged, with the poles planted at the angles, fix the 
heights of the plane of site. 

If it were required to be defiladed from two or more heights, 
then the plane of site, being at once tangent to two points of the 
surrounding ground, could not be made to pass through a given 
line at the gorge, as in the foregoing articles, but only through a 
point of that gorge; for example a point near the centre of it : 
which point must be raised four or eight ieet above the plane of 
site, according as it may be required to defilade from field 
artillery or musketry. 

Let Af and JV*, fig. 207, be two heights from which it is neces- 
sary to be defiladed from artillery. In the centre of the gorge of 
the work, or at the point most distant firom the heights, plant a 
pole standing four feet out of the ground. Before it place two 
others, D and E, and cause a straight edge or tightened cord 
to be moved up and down on them, until, when seen from the 
end of the four feet pole, it appears to touch at the same time 
both the points M and N: this will evidently be the plane of 
site; and to the height obtained by it, let four feet be added as 
before. 

It often happens that a single plane of defilement would give 
too great a relief; the left part of the work must then be 
defiladed from the height Af, and the right part firom the height 
JV: and as this would expose the faces to be enfiladed and seen 
in reverse, it becomes necessary to construct a traverse of a 
height and thickness sufficient to screen the troops when on the 
banquettes from slant or reverse fire: the traverse is usually 
made on, or nearly on, the capital; it should not be less than six 
fi^ thick at top, and, unless rev^ted, its slopes should be 
at 460 

A triangle, constructed of smooth laths, (the ends halved into 
each other so that the upper and under surfaces may be parallel) ; 



ind each side of about a yard in length, is cooTenient to ose to 
find the plane of sitn. 

If a line at the gorge be given aaiiiii, fig. 206^ pUee one 
side of the triangle on this Kne, and moTe the mpoL until the 
sarfiice of the triangle is a tangent to the eoamanding gioond. 

If a point near the gorge be given, flg» 207, place one of 
the angles of the triangle on ^be given pomt, and let the 
triangle revolve about that point until its nriaeeia a tangent to 
the points of command. 

The most simple mode of determining a tr av e rse is to asmraie 
Its position, and then to give it a salKcient relief to cover the 
men placed on the banqoettes on eadi side of it. At the same 
time, the planes of defilement of the parapets shoald pass eight or 
six feet and a half at least, above the ground towards the centre 
of the traverse. 

Let.<f B, fig. 208, be the axbof atiavene; CD and EPf 
the opposite parapets of a redoabt to be defihded from mmAietiy. 
Ontiie side of the plain, the parapet £ F will be eight feet high, 
bnt the relief of the parapet CD, on the other ade, will be 
determined as shown in fig. 205 ; so that the plane of site maj 
pass eight feet above the ground, in the direction of the nxk of 
the traverse. 

Then find two lines of fire, Pc and Me, so that they may 
pass two feet above tiie parapets D C and E P, which height is 
required, in order that the shot may be intercepted by ^e 
traverse, or pass above the heads of the troops mounted on die 
banquettes. The height of tiie traverse is then determined by 
tfiat line of fire which gives die greatest relief. 

For the first of the two lines (Pc and M e) plant, at the 
point L, a pole eight feet high ; measure on the pole D C, equal 
to two feet; the visual ray, passing through the points P and c, 
will be the line of fire sought. 

The other line of fire may be determined in a similar manner. 

Having thus found the relief of the traverse requii^ to cover 
the widest part of the work, and its command over the parapets 
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being known for that part, let the same command be pTeserred 
throughout. 

These constructions, though simple, require some time ; where 
then an opportunity does not offer of determining accurately the 
dimensions of the traverse required to defilade a work, make it 
one yard higher than the parapet, and the work will, in moat 
cases, be perfectly covered.* 

351. Fig. 209 shows the mode of defilading field works 
under various circumstances. The hill A is situated rather to 
the right of the redan below it, consequently an assailant upon 
it would see its left face in reverse, to screen which the traverse 
e is made nearer the left than the right face. The hill B equally 
commands the right and left faces of the redan beneath it ; the 
traverse/ is therefore made high enough to defilade both faces. 
The hill c commands the square redoubt below it, looking in 
reverse upon its rear face, to protect which the traverse g is 
erected : the hill D commands the square redoubt below it in front 
and on either flank, to neutralize which the cross traverses h and 
t are raised : in the two latter cases, the rear faces are to have a 
sufiicient command over the country before them. 



352. ConstrwAitm of Vauhan^s first system. See fig. 14. 
Make the angle of the polygon of the required opening ; and 
each of the exterior sides equal to one hundred and eighty 
toises ; bisect the latter by the right radii ; and on each front 
proceed as fellows : on the right radius, inwards firom the exterior 
side, lay off the perpendicular (for a square, one-e%hth of the 
exterior side ; for a pentagon, one-seventh ; for a hexagon, or 
polygons of a greater number of sides, one-sixth). From the 
angles of the polygon, draw the lines of defence through the 
inner extremity of the perpendicular ; and on these lines, lay off 
two-sevenths of the exterior side from the angles of the polygon, 
for the faces of the bastions : these points mark the shoulder 

* This iDformatioD on the defilement of field works is chiefly drawn 
from Colonel Dofour's Coarse of Fortification. 
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wgles of the bMlioiis, and, with a distance equal to the inter?al 
between them, deacribe arcs intenecting the lines of ddence ; 
chords to these arcs fpwe the flanks of the baKtiona ; and a line 
joining the inner eztremities of the flanks will giwe the curtain* 

To trace the Dwin-ditch, describe an arc of a circle ftom the 
flanked angle of each bastion, with a radius of fifteen toiaes 
when the ditch is dry, and eighteen toises when it is wet; lines 
drawn as tangeols to theae arcs from the shoulder angles of the 
collateral bastions, give the counterscarp. 

To trace the ravelin, aet off" fifty toises from the re-entering 
angle of the oounlerscarp of the main-ditch, along the right 
radius, in order to fix the flanked angle of the ravelin; from this 
pdnt, the faces are directed to points at five toises firom the 
shoulder angles of the bastions in the rear, taken along the fiices. 

The &ces of the tenaille coincide with those parts of the 
lines of defence that lie between the flanks of the bastions ; its 
thickness b eight toises; its extremities, or profiles, are parallel 
to the flanks of the bastions, at a distance of four toises ; and its 
rear is parallel to the curtain at five toises. 

To trace the caponniere, draw its crest parallel to the per- 
pendicular at three toises ; and its glacis at ten toises parallel to 
its crest; the passage between the demi-gorge of the ravelin and 
the head of the caponniere is nine feet wide. 

The breadth of the covered-way is five toises, following the 
windings of the counterscarp of the ditches ; at the re-entering 
angles, set off* fifteen toises on each side, as demi-gorges for the 
place of arms ; at these points, the faces are to form angles of 
100^ with the original tracing of the covered-way; the foot of 
the glacis is parallel to its crest at twenty-five toises. 

The traverses are three loises thick; those at the salient 
places of arms, are formed on the prolongations of the &ces of 
the ravelins and bastions ; those at the re-entering places of arms 
are perpendicular to the covered- way: each branch of the 
covered-way before the ravelins, has a third traverse, placed 
mid- way between the salient and re-entering places of arms. 
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The passages around the traverses are formed so as to leave 
a clear space of nine feet, free of all the slopes. 

To fill up the details of the first system ; according to figs. 
13 and 14 ; the horizontal breadth of the slopes are as follows: 

feet 
For the covered-way: interior slope of the parapet • . H 

banquette . • • 5 

slope of ditto • . 6 

For the traverses : exterior slope of the parapet • . 5 

superior slope ditto • • 18 

interior ditto ditto . • H 

banquette • • . 5 
slope of ditto . • • 6 
For the ravelin : outwards from the cordon for tlie rev^te- 

ment 6 

inwards from the cordon, for the exterior 

slope of the parapet ... 

for the superior ditto . • . .18 
interior ditto • . . • 1} 
banquette ' - • • ^i 

slope of ditto 6 

terre-pleine of the rampart • . .18 
interior slope of ditto • . . .11 
For the tenaille: outwards from the cordon, for the rev^te- 

ment 31 

inwards from the cordon, for the exterior 

slope of the parapet ... 4^ 

for the superior slope of ditto . .18 

interior slope of ditto . . 1^ 

banquette • • . . 44 

slope of ditto * ... 6 

For the caponniere : the interior slope of the parapet . 14 

banquette .... 5 

slope of ditto .... 6 
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Enodnte : oatwaidt fiom tte coidoo, for Um tenUkmtBiatL 6 
inwaidt from the cordoii» for Um exterior dope 

ofdiepeTapet 12 

for the superior ditto 18 

interior ditto 1§ 

benqnette 4^ 

dope of ditto 6 

terre-pleine of the ramparts • • 24 
interior slope of ditto • • .14 
The horizontal breadth of the coonteracarp lev^tement in 
rear of the ooTered-way, is 4 

The staircases at the re-entering places of arms are thirty- 
six feet in length, and six feet in breadth ; those at the salient 
places of arms before the bastions are of like dimensions ; bat 
before the rayeluiif* where the space between the traversesy is 
more limited, the staircases are steeper ; having a length of 
twenty-four feet, and a breadth of six feet : they are constructed 
according to the directions contained in paragraphs 86 to 88. 

The profiles to the traverses are constructed on the principles 
detailed in paragraphs 81 to 83 ; the outer end of the traverse 
being supported by a field rev^tement, having a base equal to 
one-fourth of the height; and the inner end by the counterscaip 
rev^tement wall being built up in continuation of its slope ; the 
base one-fiilh of the height. 

The banks of earth forming the sides of the ramps or sally- 
ports leading out of the re-entering places of arms, as well ss 
those that support the extremities of the banquettes, &c, have 
a base one-fourth of their height. 

The ramp along the interior slope of the rampart of the 
ravelin is ten or twelve toises long, and two toises wide ; that at 
the gorge of the full bastion, as well as the flank of the emp^ 
bastion, is seventeen toises long, and three toises wide : to be 
constructed on the principles laid down in paragraph 80. 
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The breadth of the gorge rer^temait of the rayelin b foul' 
feet ; the stair cases are thirty-six feet long, and six feet wide. 

The breadth of the gorge wall of the tenaille is three feet : 
the stair cases thirty feet long, and six feet wide* 

The barbettes, at the salients of the rsTelin and bastioDt 
have at least a width of twenty-four feet of platforms for the 
serrice of the guns, with easy ramps leading from the terro-pleine 
of their ramparts. 

The embrasures to defend the ditches of ravelin have their 
lines of fire parallel to the sides of these ditches : those in the 
flanks are parallel to the lines of defence. 

In order to construd a set of profiU$ to this system; it is 
only necessary to giwe the commands of the various works, and 
the depth of the ditches ; since the horizontal breadth of the 
skipes, have just been detailed. 

feet 
The command of the enceinte over the country is . 23} 

ditto over the ravelin • . 3 

ditto over the rarest of the glacis 14} 
ditto over the tenaille • . 21 
The depth of the main ditch below the level of the ground 18t 
ditto of the ditdi of the ravelin ditto . . 22 

The command of the ravelin ov^ the crest of the glacis 11} 
The crest of the glacis above the g^und ... 8 

The plane of defilement for the lev^teraents is to coincide 
with the crest of the glacis; which therefore gives a height of 
scarp rev^tement for the enceinte, and for the ravelin, of thirty 
feet ; the revtoments to be of the common construction, having a 
slope to the front of one-fifth of their height : the counterforts 
are to be eighteen feet apart ; of the diminished form ; and of 
Vanban's dimensions as laid down in paragraph 186. The 
pupil is left to fill up the details of the profiles firom the infor- 
mation contained in definition 24: in paragraphs 114 and 117* 
The section of the posterns may be taken on the lines 9, 10, 
11, of fig. 14; as shown in figs. 54 and 55. 

2c 
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358. ConHruclioH €f tJk mocbm t i fde m m§ Jig. 210. — 
The exterior tide of the polygon is one hundred and eighty 
toiees: the perpendicular is one-sixth; and the faces of the 
bastions one-third of the exterior side : the flanks are per- 
pendicular to the lines of defence upon which they fidl, making 
the angles of defence, right angles. The main ditch is fifteen 
toises wide at the flanked angle ; and the connterscaip is drawn 
to the shoulder of the parapet of the next bastion. 

For the ravelin : set off seventeen toises from the shoulder 
angle of each bastion, along the face ; join these points, which 
gives the base of an equilateral triangle, having its vertex, on 
the right radius, for the flanked angle of the rav^n : its ditch 
is ten toises broad. 

The fiice of the redoubt of the ravelin is drawn paralld to 
that of the ravelin from the shoulder angle of the parapet of die 
bastion ; its ditch is five toises wide, which leaves the ravelin 
ten toises and a half thick ; divide this thickness at its extremity 
into two parts, and join the points of division for the goi^ of 
the redoubt of the ravelin; this redoubt has flanks; they are 
traced by setting off eight toises along the gorge, and with a 
radius of nine toises fi^m thence, cut the face, a line joining 
these points gives the flank. The caponniere is of the same 
dimensions as in the first system, running up to within nine 
feet of the gorge of the redoubt of the ravelin. 

To obtain the cavalier ; draw the ^ces and flanks parallel 
to the magistral of the bastion, at a distance of twelve toises : 
on the feces, these lines will show the counterscarp; and on 
the flanks, the foot of the exterior slope of the parapet : the 
ditch, on the faces, is five toises wide, drawn inwards from 
the counterscarp : there is no ditch on the flanks ; these flanks 
are fourteen toises long. 

For the coupure, or cavalier retrenchment; raise per- 
pendiculars to the faces of the bastions from the points marked 
seventeen toises from the shoulder angles, for the counteiscarps 
of the coupurcs ; the scaips are five toises parallel to ^em : 
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behind this short scarp there is a parapet, with one embrasure 
for the defence of the terre-pleine before it ; the ditch of the 
cayalier is defended by a parapet retired from the coupure, 
having two embrasures. 

For the covered-way : trace the crest of the glacis at five 
toises parallel to the general outline of the counterscarp. For 
the redoubt in the re-entering place of arms, bisect the re- 
entering angle of the counterscarp of the covered-way by a 
capital; join the flanked angles of the bastion and ravelin 
together, and the portion of this line intercepted between the 
capital and the counterscarp, gives one face of the redoubt ; 
the other is drawn from the meeting of the branches of the 
covered-way of the salient places of arms before the bastion, 
through the flanked angle of the redoubt, till it meets the 
counterscarp of the ravelin. The scarp is fifteen feet parallel 
to the counterscarp. 

This redout has a flank of fifteen feet in length at the end 
of its parapet, on the side adjoining the ravelin ; and here its 
demi-gorge is formed by a line drawn from the flanked angle 
of the ravelin through the inner extremity of its flank ; by 
which a small triangular space is added to the ditch of the 
ravelin. 

Set off seven toises and a half from the extremity of the 
counterscarp of this redoubt, along the counterscarp of the 
ravelin ; with a radius extending to this point, from the original 
xe-entering angle of the counterscarp, as a centre, describe a 
curve outwards, for the crest of the re-entering place of arms ; 
the traverses at the entrance to the latter are three toises thick ; 
on the branches before the ravelin there are three traverses, each 
nine feet thick, and the passages are en cremaill^re (paragraph 
52 to 55). 

The crest of the parapet at the salient place of arms is cut 
off perpendicularly to its capital to give a banquette of eighteen 
or twenty feet for the purpose of obtaining a direct fire upon 
the ground before the capitaL 

2c2 
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saperior ditto 
iBterior4itto 
iMaquette • 
slope lo ditto • 
Caponniere— interior dope 



ditto 
ditto 



la Mdkr lo ebldn ti» cospwe or raCittidHwnl in the faip^ 
let fall a perpeadiciilar from tlw eKtranity of ike eonoleitcafp 
of tlM vedodbt in the ie-enteriii|^ place of ania» to the 6ee of 
the ravelin ; this Hne crossing the ravelin fivea thie oonnlenGafp 
of the ditch of the coapnre ; the scarp of which ia Meen feet 
paiallel to it, having a parapet behind it in ordter to hting a 
in upon the terre-pkine ef the raviriin. 

To fli up the detaib of the modem sy gl u n; tlie sbpes of 
the traveiaes and thoae of the coverad-fPajTy oamaiMNHl with Uk0 
works in the int sy gl u n of Tanban, as ahreadj given. 



The parapet of the redenbt in the reMenloring plnee of 
has its cBteriOT slope equal to 

superior ditto • • • 
interior ditto • • • 
banquette 
dope to ditto • • • • 

The ravelin has the ezlerior slope of the parapet. 

superior ditto • 
interior ditto • . 
banquette 
slope of ditto 
The redoubt of the raveUn— exterior dope • 

superior ditto . 
interior ditto • 
banquette 
slope of ditto 

terre-i^ine of the nunpait 
interior dope of ditto . 
The tenaille— exterior slope of the panqset 
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feet 
Caponniere— tenqnette 5 

slope to ditto 6 

Enceinte— exterior slope of the parapet • • • 12 

superior ditto 18 

interior ditto «• IJ 

banquette 4| 

slope to ditto 6 

terre-pleine of the rampart • • • 24 

interior slope ditto • ... 14 

Cayaliers— exterior slope of the parapet • • . 12 

superior ditto 18 * 

interior ditto 1^ 

At the extremity of each face of the cavalier, there is a 

ramp ten toises long and two toises wide, in order to descend 

from its terre-pleine to that of the enceinte ; the width of the 

latter in rear of the cavalier is twenty-one feet 

In filling in the slopes of the ravelin and of the bastion, care 

must be taken to leave the ditch of the coupures vacant ; here 

the thickness of the rev^tement wall alone is shown : see note 

to paragraph 147* 

Communications. 

The ramps leading from the eovered-way through the glacis, 
in the re-entering places of arms, are of a curved outline to 
prevent their being enfiladed. 

The counterscarp of the redoubt in the re-entering place of 
arms, is descended by a ramp seven toises long and one toise 
wide; a postern, six feet wide, is formed under the parapet to 
lead from the interior into the ditch. 

Stair cases, six feet wide, parallel to the demi-gorges, 
communicate to the ditch of the ravelin and to the main ditch. 

Ramps, twelve toises long and two toises wide, lead from the 
ravelin to the ditch of its redoubt : and a staircase communicates 
from the latter into the space behind the coupure. 

2c3 
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A postern leads £rom the ditch of the idMbI of Hm laifeUitH 
through the middle of the flank, into its intSEioff^ 

Staircases lead from the roain-^tch at the head ^ th# 
caponniere into the redoubt of the re-entflrinf plaee of arms. 

Posterns, as in the firrt system,^ toamiMrieaio from tiie 
interior of the place through the curtain into the main-ditdi ; 
and also through the tenaille. 

The usual ramps are torawd ia the nMeiior slopes of the 
ramparts, in the redoubt of Uie ratelin, and in flie encdnte. 

In fining up the details of this plan, baibetiM (ot aidtable 
dimensions) may be shown at the flanked angks of the parapets 
of the bastions and raTelins; thor fitces armed with artilleiy, 
having traTetses between every two guns, on the principle 
detailed in paragraph 261. 

The cayaher has nine embrasures on its hm^ and three on 
its flank, respectifely perpendicular to ttiese Unes. 

In onUr io obtain a mi ofpn^bi BxpkutaUnj ofikB modem 
syaUm; the following information is given; see figs* ftlOand 
211. 
The horizontal breadths of the slopes have just b^en given* 

feet 
The crest of the glacis at the salient place of arms before 

the raveliD, above the plane of site is • . • 9 

Ditto ditto at the re-entering place of arms, ditto . .11 
The terre-pleine of the covered-way^in the latter case is 
three feet, and in the former one foot, above the plane of 
site 
The main-ditch below the ground line is « • « ,24 

The ditch of the ravdin ditto 18 

Ditto of the redout of the re-entering place of arms ditto • 8 
Ditto of the redoubt of ravelin ditto . . . • 6 

Crest of the redoubt of the re-entering place of arms above 
thelevelof the ground • • • ^ . , 16 

Ditto ditto ofthe ravelin ditto 16 

Ditto ditto ofthe redoubt ofthe ravelin ditto , ^ ,18 
Ditto ditto of the tenaille ditto • • • . i 



891 

rmc* 
Crest of die enbeintd, aboye the level of the ground • » 22 
Ditto ditto of the cavalier ditto 31 

The f eT^ement walls are all perpendicular \h front, having 
ib6 slope to the rear; the thickness of these Walls at top is as 
^Idwut 

feet 

Scarp of the aivttUer 5 

Counterscarp ditto 3 

ISearp of the enceinte ••»•••. 5 

Counterscarp ditto • • 3 

Scarp ofthe redoubt of the It P» A 4 

Counterscarp ••••b«.«3 

Scarp of the tenaille .•••.». 4 
Gorge of ditto ••••»•.» 3 

Scarp of the redoubt of the ravcdin • • • • 4 

Counterscarp • • • 3 

Scarp of the ravetin » 5 

Counterscarp 3 

In order to get the slope to the rear, or the thickneis of diesa 
walls at bottom, divide the total height of the wall by 6, and add 
the product to the thickness at top. To obtain the length of the 
tovastBtfyrta take 4- of the height of the rev^tements respectively : 
the counterforts are diminished, the thickness at the root being 
{■ of the total height ; and half of this for the thickness at the tml* 

354* Co'Mfnief um of Ftmhan^i tkirxl system .«•-*<» executed 
ai )femBH$athr^ee fig. 212 ; oho ths note to paragrcph 157.*^ 
(The works are conveniently constructed upon an octagon). 
Make the exterior side one hundred and eighty toises ; the 
perpendicular one-sixth, and the ikces of the bastions one-tfiird, 
of the exterior side ; the flanks are obtained by describing arcs 
of circles fhmi the shoulder angles- of the bastions with a radius 
equal to the distance between them, to intersect the lines of 
defence,*— chords to these arcs, give the flanks of the great 
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budons or coanterfoitids : (tbem bftttkmi are not connected 
to each other by curtains as in the first sysleni of Vanban, and 
in the modem system) : a straight line joining the extrendtiea 
of the flanks of these coimterguards» and produced till it meels 
the oUiqoe radii, will fix the flanked angles of the tower 
bastions ; a line drawn pandlel to this at nine toises within it, 
will give the interior side, the extremities of whicb deteimine 
the centre of the tower bastions. On this interior side, lay off 
eight toises from the centres of the towers, and at these points, 
raise perpendiculars, on which take six toises outwards and 
feur inwards lor the flanks : the outer extremities of the flanks 
jdned to the flanked angles, give the fiices of the tower 
bastions. From the interior side, set off five toises inwards on 
the perpendicular, and through this point, draw lines of 
defence from the angles of the flanks of the towers ; tiie flanks 
of the coonterguards produced so as to cut these lines of 
defence, determine the flanks of the enceinte, and of course fix 
the faces and curtains of the body of the place. 

The ditch of the enceinte is seven toises wide, described 
firom the flanked angle of the tower bastions, and the counter- 
scarp is dravm as tangents to the arc from the extremities of the 
flanks of the counterguards. 

The profiles of the tenaille are at four toises from the flanks 
of the counterguards ; and it occupies all the space between the 
flanks. 

The main-ditch is fifteen toises wide, described firom the 
flanked angle of the coanterguard ; and the counterscarp is a 
tangent to the arc, drawn from the shoulder angle of the 
collateral bastion. 

The capital of the ravelin is fiflly-five toises, set off from 
the re-entering angle of the counterscarp of the main-ditch ; 
and the faces are directed upon the counterguards at points 
marked fifteen toises from the shoulder anises : the ravelin htn 
flanks, to be obtained by setting off ten tenses from the 



extrenitj of etch face along the tcaqs and from theao poinfi 
draw die flanks parallel to the capital. 

The redoubt of the ravelin has a capital of twentj-threo 
toisea ; its fiu^es are parallel to those of the ravelin ; and the 
flanks determined, in like mannery by settings off foar toiaoi 
and a half along the scarp from the eztxemities of the fiuMu 

The ditch of the ravdin is ten toiies wide, and that of tlM 
ledoobt, five toioes; flie coonterscarps being parallel to the 
scarps* 

The covered-way, places of arms, traverses and giftciSt 
con«ipond with those in the first sjatem of Vaufaan. 

To flu up the details of the third system, the followiog 
diiections must be attended to. 

The slopes of the parapets, banquettes, &c. in the covered* 
way and traverses, are the same as those detailed in ihe first 
system. 

The ditches are wet; the rev^tements at the counterscarps, 
and scarps of tibe great bastions and ravsiiBB, are similar to those 
iai the first system ; the staircases in the counterscarp of tlie 
covoMd-way, that lead fiM)m the level of die water to the terr^ 
pleaoe above, are constructed in the same manner as in the fiisi 
system ; as also in the gorges of the other woiks. 

The ramparts and paIapeti^ throaghout, are of the usual 
dimensions; the ravelins and the countergnards have the chemin 
des rondes of ten leet in breadth (paragraph 141). 

The redoubt of the raveKn, and the enceinte, have entire 
rev^tements (paragraph 176). 

The tower basdons are all of maaenry ; the slope of the 
endre rev^tement is five feet ; the parapet eight §9et thick, with 
a banqaetle of masonry in its rear ; the gorge is dosed by a wall 
Ibor feet thidc, having a gateway eight feet wide in its centre. 
These lowers have a coBMoand of two feet upon the oaontaB* 
guards ; they have three embrasures in eadi face, directed ao as 
to see the whole of the interior of the eoonteiguards, io which 
they act as retrenchments; they have two embrasares in 
eaeh flank, to aid in the defence of the diteh of iha eaceiate^ 
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which thejr conniaiid ; thej have cateBilas (pmgnqph 196) of 
an inferior description, the platforms of wUdi are made one foot 
9howe the surface of the water in ihe ditch ; ^ese casemates are 
pierced with two embiasiires in each flank» to aid the gone on 
the terre-pleine abofe, in the defence of the ditch of the enceinte; 
the SQpplementary or small flanks, in the front connecting the 
lowers have each two gmiSy one in embrasare above, and one in 
casemate below, looking into the ditch before diem ; so that six 
gnns are provided as a defence for the ditch in rear of the 
conntergoards* 

Part of the casemate onder eadi tower is formed into a 
magazine, the roof of which ii built up solidly in the centre of 
the tower, to serve as a parados, thir^-six foetkmg, and six feet 
thick. 

Posterns lesd into the casemates, from the interior slope of 
the rampart of the enceinte. 

Bridges, twdve feet wide, communicate from the enceinte to 
the great bastions, and aro placed in the most secore and covered 
sitaation, nmning close to the flank of the towers : a postern 
leads from the interior of the enceinte to the inner end of the 
bridge ; and a flight of stairs from the outer end to the interior 
of the counterguards. 

Posterns pass through the middle of the mass of the flanks 
of the counterguards, to bridges that lead into the profiles of the 
tenailles ; and ramps lead up to their terre-pleines. 

Temporary bridges, twelve feet wide, run along the demi- 
gorges of the redoubt of the ravelin, and touching the extremities 
of the feces of the ravelin, they communicate to the staircases in 
the re-entering places of arms. 

The defilement of the faces and flanks of the counterguards 
is as follows : the shoulder angle is kept three feet lower than 
the flanked angle, and the inner extremity of the flank one foot 
lower than the shoulder. 

865. The compiler has already stated that his work is for 
the specific purpose of aiding an instructor and his pnpils; it 
does not assume to set forth a comprehensive and perfect view 
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of all the approved sjrstems ; bat a knowledge of the contents 
of this volume, will suffice to prepare the student to comprehend 
with ease the principles and details of all methods not explained 
in it. The compiler had wished to introduce the constructions 
of Coehorn, but to do so with clear plans and descriptions, 
would have increased the bulk beyond its original limits. For 
an acquaintance with these systems, the pupil is referred to the 
works of Coehorn ; or of Bousmard. 

Coehorn was the Yauban of Holland ; he excelled in con- 
structing works (more especially in the aquatic ground of his 
native country] : as well as in the art of attack. 

His services and talents have gained him a great and 
deserved reputation. His methods have been applied with suit- 
able modifications to localities, at Nimeguen, Breda, Manheim, 
Namur, and Bergen-op-Zoom. The French experienced at 
the siege of this last place how much the genius of Coehorn 
could influence the defence, against an attack, conducted with 
as much science as valour. He formed various great retrench- 
ments as those of Svool and Groninguen. He attacked with 
great success Bonn, Boulinbourg, Traenback, Limbourg, the 
citadel of Liege, and the castle of Namur, in 1695 ; he had 
also defended this last place in 1692 against the attacks of 
Yauban, who greatly respected and honoured his talents. 

A description of Chasseloup de Laubat's system of fortifi- 
cation, as executed at Alessandria, has just been published 
(1833) by an officer of the corps of Royal Engineers, accom- 
panied by three beautifully executed plates, illustrative of the 
interesting and formidable construction that received the full 
approbation of Napoleon. This work contains most useful 
matter for the study of intelligent cadets, after passing through 
the usual details, such as given in this volume.* 

* ^ Description of Chasseloup de Laubat^s System of Fortification, 
as ezecQted at Alessandria. By an officer of the corps of royal engineers. 
London : James Eraser, 215, Regent Street.— 188S.*' 
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APPENDIX. 



ON THE PRESSURE OF EARTH AGAINST 
REVETEMENT WALLS. 

In the last chapter of an elementary treatise on fortification, 
bj Colonel Pasley of the Royal Engineers, the nature of the 
pressure of earth against rev^tement walls is investigated. The 
force and truth of some of his remarks, as well as his declaration 
that none of the solutions, hitherto g^ven, were satisfactory, have 
led to the following endeavour to ptit this interesting subject in 
a more favourable light, on principles strictly mathematical, the 
result of which most closely agrees with a series of experiments 
made at Addiscombe, and yet more with the extensive practice 
of the celebrated Marshal Yauban; the masonry of whote 
numerous and able constructions have stood the test of time. 

PROBLEM. 

To determine the force with which a bank of earth presses 
against a wall or rev^tement; and the requisite dimensions of 
the wall or rev^tement necessary to support it. 

Plate 15: Let (ABCDEFG), dg. 1, be a vertical section 
of the bank of earth; of which bank, were it not supported by 
the wall or revetement (EDLF)y the part (BCDEF) would 
fall or slide down, leaving the remainder (FGAB) standing at 
what is termed the natural slope (BF) ; let the sine and cosine 

2d 
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of the angle which this line (BF) makes with (GF) be zepre- 
aented by (s) and (s^), the radius being unity: through (/) 
the centre of gravity of the figure (BCDEF)^ draw [IH] 
parallel to (BF) the natural slope; also draw (DEK) paralld 
to (GF) 9 the line (E F) being perpendicular to (GF), and equal 
to the height of the wall or r^v^tement. Now the centre of 
gravity (/) of the figure (B CDEF) may be accounted its place, 
into which its mass is all collected ; the force, therefore, with 
which it endeavours to descend in the direction (IH) parallel 
to (BF), will be expressed by the wdght of the mass [BCDEF) 

multi[died by ?J[ or by (s) the sine of the angle (BFG). See 
tCF 

Hutton*s Mathematics, vol. ii.-^-nlnclined Plane. Put the specific 

gravity of earth equal to (m), the area of the figure (BCDEF) 

equal to (a), then its weight will be (am)^ and its force or 

pressure in the direction (I H) will be \omY.jjrp) or (amt). 

With thb force the mass or matter in (BCDEF) presses or 
acta obliquely upon the face of the watt or rev^tement (EF) at 
(fi) ; and being resolved (see second volume of Hotton.^ 
Resolution of Forces] gives (amss^) for the force acting at (fi\ 
perpendicular to (EF) ; and (Qm$^) for the force acting at 
(H) parallel to (EF). Here, then, are two forces; the first, 
acting perpendicularly at (H) the extrenyity of the lever (UF)* 
has a direct tendency to overturn the wall or rev^tement ; whiUt 
the second, acting perpendicularly at (F) the extremity of the 
lever (FL), has a tendency to give stability to the wajl or rev^te- 
ment by counteracting the efiect of the first force : it is, therefore, 
evident that it is the difference of the efiects of these forces that 
roust be balanced by the counteraction of the w^ or re^etemtnt; 
viz. — (a»«i'xHF.^na»j« xFL). Now let (0) be the centw 
of gravity of the wall or rev^ement, draw (OP) parwadicdar 
to (FL) ; put the area (DEFl) equal to (lo), a^d ito specific 
gravity equal to (n) ; then wiH (nu?) b^ the we%1|t gf the wall 



or rev^tement : the efficacy of this weight, acting at (P), the 
extremityoflhe lever (PL), will be equal to («ioXPL), and 
this must be equal to the effect of the mass of earth, in order 
that it may just support it; and which was before (bund equal 
to (ams$^y.FH — ams^xFL); consequently, 

which equation is general, and is deduced from principles which 
are unquestionable. 

It may, howeTer, be still more satis&ctory to show, that the 
same general result can be obtained by following a di6ferent 
mode of solution; and thos verifying the truth of the principles 
upon which both solutions are founded. In the figure before 
rslbrred to, from {H) draw (JH) perpendicular to (BF); draw 
also (TM) through (L), parallel to [JH) or (/iV), and meeting 
{IH) and (JV^y) respectively in (A) and (T) ; then, 

JH=FHx8'=iTR 
TLzzFLxa 
therefore L R^FHxs'^^L^s. 

But it has been found in the former solution, that the force 
of the mass (BCDEF)^ in the direction (//f), is equal to 
(«««); and as this force acts perpendicularly at (A), the 
extremity of the lever L /2, its efficacy, or power to overturn the 
wall or rev^tement, will be expressed by (a«ixLA), equal to 
{ama)x{FIt'As^'-'FJ^y.9); and the foroe arising from the 
counter resistance of the wall or rev^tement is equal to (nwx 
PL)f consequently 

n«?xPL=:at»MX (FHas^ — jFLx*) 
orn w X P L=:amss^ x FH — ams* x FL 
the same as the general equation which was found before ; and 
which shows clearly, that the force which acts parallel to (EF)^ 
and was found in the fenner solution to be equal to ami*, ought 
not to to be neglected. 

When (R) coincides with (L), that is, when the line of 
direction of the foice passing through the centre of gravity, 
passes also through //, the extremity of the base of the wall or 

2d2 
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FeY^tmnenty the ttabilitating force becomes equal to the force 
which tends to oTertorn : that is. 

This result may be yerified by a very simple experiment, as 
follows; place a rectangular board (ABCD)^ fig.% of any 
Imigth and breadth, perpendicularly upon an horizontal plane, 
(Z M) ; lot the extremity (a) be secured so as to prevent its 
sliding along (Z M)f but not so as to prevent its turning freely 
about (A) as a pivot ; draw die diagonal {A C), and produce it 
to (L)* Then if any force, however great its power, be applied 
at {€) in the direction (^L)» the rectangle will remain immove- 
able ; but if the direction of the force be changed, so that the 
angle (LCB) become greater than the angle (CAB) 9 the force 
applied will immediately overturn the rectangle (^ BCD). 

In fig. 3, which represents a vertical section of a full sloping 
revfteroent, 
let a^ziarea of (BCPDEF). 

p^ perpendicular distance of the centre of gravity of the 
triangle FE K from D P. 

u;— area of the triangle (FEK). 

p^=:perpendicular distance of the centre of gravity of the 
parallelogram (DK^S) from DP. 

11;''= area of the parallelogram D KAS, 

/>"= perpendicular distance of the centre of gravity of th« 
quadrangle (BCPS) from DP 

w" izarea of the quadrangle [BCPS] 

szzsiue of 45^, the natural slope 

5'— cosine of 45®. 

bzzDS. 

a=altitude of the wall or rev^ement. 

s=:breadth of the wall or rev^tement at the top. 

ra=slope of the walL 

n=ispecific gravity of the wall 

m=: specific gravity of the earth. 
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dziresistance arising from the cohesion of the earth in 
sliding down the inclined plane, and which has been 
found by experiment to be equal to f nearly. See 
Hutton's Course, vol. 3, page 257. 
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Then (IZ) the distance of the centre of gravity of the mass 

{DPCBJF) from (DP) 18 equal to ^^^^'J!V^^ "^ See 

the above course, vol. 2, page 169. 

2 as 
But, p— -«— -|-5X 



w: 



therefore IZzz 



w^^8(a-{-x) 

a^sx , bs*ia-{-x)* 
as' +^2- + — V^^+P'' w 



* «.— ■/ 



^bs (a + xj+w* 



and ZA*— «(a4-i) 



ZJV— J2=IA'=«(a+x) — 






*--.» 



^f65(a-hx)+w' 



__f r the 

perpendicular distance of the centre of gravity of the mass 
(DCPBAFE) from (AF) the natural slope, also the 
distance of the centre of gravity L P of the rev^tement [DEF L) 
is found in the same manner to be equal to 
2 ra^ . / '\ 



w 



-, because or a is the distance of the 
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centre of gnra?ity of the triangle [LRD] from (L) ; and (^a +D 

is the distance of the centre of gravitjr of the parallelc^ram 
(DEFR)i from (L) also; and (LF) eqnab ra-i-jr: if, therefore, 
the respectife values of (P L), (/A), and (LF) be substituted, 
the general equation 

n ts X PLzza^mu' x FH^-^'ms* x FL 
—a^MX /iV^— a'M* X F L 



— XPLzza'X.lJ^'^'sXFL 



becomes 



»!l^+ (.a+Dx «,»=i2+i^'x6.. +.»-(a+x)+'^- 



— p 10 



(ra+x) X -—+1 6 (o +x+ w) 



hence x« + ^^^'ra^r<l^ra^^rsa^^^ 



3(6j«+flfo) 



andx 



={' 



4. 2^j«ra-f 2<yro»-fia» 



.p)Oto*-f (1— 2r)365«a«-f (1— 8r)Q«j~2r»a'<y 
• \* 26«ra4-2,<yrQ«4-5a> 



2(6s«+^a) 



the 



2(6*«+ya) 

breadth of the wall at the top of the rev^teroent. From this value 
of X the dimensions of all the rev^tement walls in VaQbaD*s 
profile may be determined, see figs. 4, 5, and 6. 

When r equals zero, the rev(;tement walls become rectangular, 
as in figs. 7, 8, and 9. 

and x=|/ ^""^\yt.!'?'"^'"* + f oj^^^^^ 
^ 8(6»'+ya) ^K 2 (6*» +50) ) 

2 (6*»+sra) 
If 6, p' and to' each equal zero, then 

»=. . / (l-8r)a» «— 2r»a»g .2 gra4-«a > '_2 ora+.« 



^ 
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which gives the hreadth at the top of the connterscarp ripping 
rev^tement, fig. 10; but when (h) (p") {w") alid (r) each 
becomes equal to zero, then 

which determines the dimensions of the rectangular countersdirp 
rev^tement, fig. 11. 

It appears, therefore, that from the generd value of x, the 
dimensions of all the reVetemeiit walls, constructed by Yailban 
in his System of Fortificatioil can be detefmined; the demi- 
rev^tement with a berm being the only exception : but in brder 
to compare these theoretical results with the practice of Yauban^ 
recourse must be had to numbers. These numbers were ob^^ 
tained from Captain Straith, and from them the different values of 
the known literal quantities used in the equation, are as follows : 

az:30 feet pw" =1044076 

bzz6x/2 m=1900 

r=:-3 n=2000 

o 

J — r * = -^sme of 45^ 

u;*zil35-5 _n__ _ 20x3x^/2 

p'= 7-712 dm*""^"" 2x19 

If these numbers be substituted in the equation 
^y- tso— tfra— y*)6w"4-(l— 2f)36j»a« + (l— 3r)a»j— 2r*o«gf 

'"■\ 3 (6*«+^a) 

265«ra+2gfra«-f5a« v *v I 2b8*ra+2gra*+sa* 
■^ 2(6i«+Sfa) ) ) ~ 2(bi*-\-ga 
the value of x will be found equal to 3-5 feet. Therefore 0*5 
feet is the breadth of the full scarp sloping rev^tement. 

If 6r=3\/2 the other numbers remaining the same as before, 
the value of x will be 2-77. The breadth of the revfttoment in 
this case is 8*77 feet. 

In the demi-rev«tement a=15 feet atid b=nV2 the other 
numbers being the sam^ Jc b^coiHes eqdal to 3*7 feet. Its breadth 
k th«tefere equal to &7 feet 
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Vanban's dimeBsioos for these three Tev^Mmentsare, fiir the 
two firat, each 11-3 feet, and for the hist 8*4 feet. It maj be as 
well to observe here, that the theoretical resolts are barely 
sufficient to support the pressure of the earth ; some addition to 
the breadth of the reT^tements must, therefore, be made in order 
Id losare the requisite stability. If 1«5 feet be allowed for this 
purpose, the three revfitements determined by theory, will then 
sgiee very closely with those of Yanban. 

If the breadth of each of Vaoban's three rev^tements be 
eompared with its height, it will be found to be greater than one 
diird of the height ; consequently, a line drawn through the 
centre of gravity of the triangle, parallel to the natural slope, 
will pass through the base of the rev^tement, therefore the pres- 
sure of the triangle increases the stability. 

For the counterscarp sloping rev^tement. 



a=:22 
1 

in=:1000 
«=:2000 



^4 



sine of 45® 



n 20x3^'2 



dms^^'^ 



19x2 



these values being substituted in the equation. 

give *46 for the breadth of the top of the rev^tement: its thick- 
ness is therefore equal to 4*86 feet; Vauban's rev^tement is 
9'73 feet, which is greater than the theoretical rev^teraent by 
4*60 feet. This differeDce is certainly great : but it must be borne 
in mind, that the terre-pleine of the counterscarp rev^tement is 
used as a road for the passfng of troops, stores, and cannon, &c. 
These, by their weight, add considerably to the pressure of the 
earth, and this increase of pressure must be met or counteracted 
by a corresponding increase to the thickness of the revltement. 
In fig. 12, which represents the counterscarp rev^tenent, 
draw (CF) parallel to the natural slope; then (AD) being 22 
feet, and (CD) 9*73 feet, (BF) will be 17-6 feet. Nowihe 
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weight of an 18-poander iron gun, with its travelling carriage» 
is about three tons ; and if, in passing along the terre-pleine, its 
road should be between B and F* (and there is ample space for 
it), its weight would add considerably to the pressure against 
the wall ; because a line P G drawn through the centre of gravity 
of the gun, parallel to the natural slope, would fall without the 
base (CD) of the rev^tement ; and the effect of this pressure . 
would be proportional to the weight of the gun, multiplied by 
the lever CG ; that is, if CG equal ten feet, to a weight of thirty 
tons. 

In the full scarp rev^tement, if the line CD be drawn paraUel 
to the natural slope, it will, when produced, pass through the 
lower extremity of the interior slope of the parapet, or within 
one foot of it ; fig. 13. Hence it follows that if a g^n be placed 
on its platform {mn)^ the line of direction of its pressure will 
fall within CB; and its weight will add stability to the rev^te« 
ment. No addition, therefore, to its thickness is requisite. 

In the demi-revttement with a berm, (fig. 14.) if the line of 
the natural slope be produced, it will in this case pass through 
the superior slope of the parapet. And as the altitude of the 
rev^tement, and the breadth of the berm, are given, the distance 
of the centre of gravity of the mass (FCDEN) from the natural 
slope, as also its area, are known. Through (2) the centre 
of gravity oi FCDEJV^ draw / R parallel to FiV, the natural 
slope ; and through L^RO perpendicular to FiV meeting [FJ^) 
and (IB) in and if. 
Let a=:altitude of the rev Element, 
r a=:its slope. 

x=:breadth of the top of the rev^tement. 
n=:specific gravity of brick* 
mnspecific gravity of earth. 
c?=: resistance arising from the cohesion of the earth in sliding 

down the inclined plane. 
|)=:perpendicular distance of the centre of gravity of ICDEJV 

from IN, 
bzzdLiee^ofFCDEN. 



n 
9^ 



^r-LzTiine of 450 

TbfB LOzzi(ra+M)i And Rihsp. 
Tkerefore j9— 4 (r a+«) =:/h>-« t- o-*-«4r=IIIr ; 
. and bj subatituting in the general equation 

^y^PLzzhv(^RO-*ty.FL. 

hat wxPL=i^+(ra+Qa* andgrr;^; 
g^*o* Mag* . , . 

V 3^a ^^ ga ' 

^« 
which determines the dimensions of the demi-rev^tement with a 

berm. 

It is to be reg^tted that this result cannot be compared with 
the practice of Vauban, because there is no proAle of this demi- 
rev^tcment, with a berm, to be met with in any of the numerous 
writers on the subject of fortification. Had such been the case 
there can be no doubt but that the comparison would have 
been favourable to the theory. 

In conclusion, it may be as well to give here the results of 
a few practical experiments made at Addiscombe, in order to 
ascertain how near the theory would ag^ree with practice. 
Having, therefore, contrived a model for this purpose, and dpon 
application to Sir Alexander Dickson, the public examiner, and 
Colonel R. Houstoun, the lieutenant governor of the military 
seminary, obtained their sanction for its construction ; the 
experiments hereafter detailed were made, and &und td agree 
in the most satisfactory manner, with the theoretical results. 
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The model was constructed in this waj: two upright sides 
(see fig. 15) each thirty inches high, weife securely fisistened to 
a board or plank twelve inches wide, and six feet iti length ; a 
plank of the same breadth as the bottom was then fixed, within 
ten inches of the end A of the bottom of the model, making 
with it an angle of 45^ an^t being secured, presorted the sides 
in a vertical position : two upright posts were attached to the 
sides, connected at the top by a cross beam, in which a pulley 
was fixed ; at the end Adfi door was fitted, so as to turn about 
(C) and (A) as pivots ; its height was equal to the height of tht 
ndesy and it could be removed at pleasure : near the bottom of 
the door was a ring, to which was fastened one end of a line^ 
which line, ailer passing over the pulley^ had a weight attached 
to it ; and this weight held the door in close contact with the 
end of the model : narrow strips of leather were glued to the endi 
(JE) and (FC), and round the face of the door; and by this 
contrivance, the contact was so perfect, that not a single particle 
of sand could escape. The method of using the model is as 
follows (see fig. 16) : take the angle of the natural slope with a 
bevil, then place one limb of the bevil vertically against the 
upright end of the model (A B), and by means of the shifting lever 
G G, (which is simply a rod 22 inches in length), raise or depress 
the line (GP), until it is parallel to the other limb of the beviL 
This done, fill tho model with sand or earth, and adjust the 
weights (to) at the end of the line, so as just to counterbalance the 
pressure of the sand or earth against the moveable upright end* 
Measure the perpendicular distance of the line, from the natural 
slope of the sand or earth, and multiply this distance by the 
weight attached to the line : measure also the gpreatest perpen-* 
dicular distance of the top of the sand, from the natural slope^ 
and divide the above product by one third of this last distance, 
and the quotient will be equal to the force or weight, with whicli 
the sand presses against the end or door. The reason for tbia 
will appear evident by lusfecivag the fig. 16, in which (A BCD) 
represents a vertical section of the modeL 
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AC the natural slope* 

^ B the moveable end or door. 

OG the diifting lever. 

<?P the line paralfel to AC. 

w the weight 
Let (mm) be drawn perpendicular to (AC), throogh (B), 
meeting (AC) and (GP), in M ^nd (m), and through (/) the 
centre of gravity of the triangle (A B C), draw (rol) parallel to 
(AC), meeting (mn) and (AB) in (o) and (r). Then by the 
property of the lever toxmn equals on X by the force or pressure 
of the triangle (ABC) in the direction (rol). Call this force 
or pressure (/], and let the sine and cosine of the natural slope 
be expressed by (s) and (s^). Now to determine the requisite 
thickness of the rev^tement, to withstand this force or pressure, 
let KBzzJf, A B=<h ^^ RL::ib, then by substitntingy the 
general equation becomes 

a . A>\ a 6 2 6 

therefore x= -i/^B^HSZIj^IEi? )' «/+°* 

y o a ^ ^ a a 

The model being charged with sand, and the force (/) 
ascertained by experiment, the value of j? was found equal to 
2*7 inches nearly ; and the thickness of the rev^tement 8*7 
inches. But if the value of (/) be found by the theory, x will 
be 2*79 inches, and the thickness of the revetement 8*79 inches. 
When the model was charged with shingle, and the value of 
(f) carefully ascertained by experiment, x became equal to 3 
inches ; and the breadth of the revetement 9 inches ; but when 
(/) was found by the theory, x equalled 3*46 inches, and the 
breadth of the revetement 9*46 inches. 

A case of thin wood was made similar to a revetement: its 
height, 30 inches ; breadth at top, 2*79 inches ; biieadth at 
bottom, 8*79 inches: these being the dimensions found by 
theory. The door of the model was then removed^ and the free 
of the revetement placed in dose contact with die end of the 
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model, and secured at the bottom, to prevent its sliding. Then 
both the revetement and model being filled with sand, the 
rev^tement was found barely sufficient to withstand the pressure 
of the sand in the model. 

In making these experiments, it is of the first importance, 
that the sand or shingle be perfectly dry ; it being found by 
repeated trials, that the angle of the slope varies, and the slope 
itself becomes irreg^ar, in proportion to the dampness of the 
sand or shingle; but, when perfectly dry, the slope is even, and 
its angle constant. 



FINIS. 
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